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Preparation and Characterization of the Binary Group 13 Azides M(N3);
and M(N3);:CH3;CN (M = Ga, In, T1), [Ga(N3)s]*, and [M(N3)s]* (M = In,

TI) (PREPRINT)

Ralf Haiges*, Jerry A. Boatz, Jodi M. Williams, and Karl O. Christe*

Dedicated to the memory of Prof. Kurt Dehnicke, an old friend and pioneer of azide chemistry

There has been much interest in polyazido compounds during
the last two decades.!'"”) In particular, the potential of group 13
azides as precursors for the synthesis of the corresponding nitrides
has been studied in great detail due to their usefulness for
semiconductor and optoelectronic applications. Although most of
these efforts were devoted to gallium azides,?**"]
indium azides were also explored.”?**? For thallium, the monoazide
is well known and is an impact and highly friction sensitive
compound, similar in properties to silver azide and lead diazide.?*’!
However, little is known about the triazide. To our knowledge, the
only previous report deals with the formation of a highly explosive
yellow solid, formed by the reaction of TI(OH); with HNj.[2424!
Based on its elemental analysis, it had the composition TI(N3), and
was proposed to be the mixed TI(I)/TI(III) salt, TI[TI(N3)4], but this
interpretation was subsequently questioned.*!

The syntheses and characterisation of molecules with a high
number of azido groups is very challenging due to the high energy
content of the azido group which is responsible for their frequently
encountered explosive and shock-sensitive nature. In this paper, we
wish to communicate the syntheses of Ga(N3);, In(N3);, and TI(N;);
in SO, and CH;CN solutions, their 1:1 adducts with CH;CN, and the
first examples of multiply charged group 13 polyazido anions,
[Ga(N3)s]%, [In(N3)]*” and [TI(N3)s]. We also report the crystal
structures of the tetraphenylphosphonium salts of the [Ga(Ns)s]*,
[In(N3)s]* and [TI(N;)e]’ anions, and the vibrational spectra and
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electronic structure calculations for all the compounds.

In analogy to our previously reported syntheses of inorganic
polyazides,[m] the trifluorides GaF;, InF; and TIF; were reacted with
an excess of trimethylsilyl azide in SO, solution. This resulted in
rapid and complete fluoride-azide exchange [Eq. (1) (M = Ga, In,
TD)].

. SO .
MF; + 3 Me;SiN; — = 3 M(N;); + 3 Me;SiF - (1)

Pumping off the volatile compounds SO,, Me;SiF, and excess
Me;SiN;3) at -20 °C produces the neat triazides as colorless to orange
solids. The azides Ga(N3);, In(N3);, and TI(N;); are stable at room-
temperature but very shock-sensitive. While Ga(N;); is the least
sensitive of the three compounds, it is still dangerous and we
encountered several explosions while handling small samples.
In(N;); and especially TI(N;); are more treacherous and tend to
explode violently upon the slightest provocation (agitation, rapid
change in temperature and/or pressure). The physical properties of
Ga(N;); and In(N3); are in excellent agreement with previous
literature reports.”*”’

By using CH;CN instead of SO, as solvent for the reactions of
GaF;, InF;, and TIF; with excess Me;SiN;, colourless to orange
solutions were obtained. Removal of all volatile materials (Me;SiF,
CH;CN and excess Me;SiN3) resulted in the isolation of the
acetonitrile adducts of the triazides as pale yellow to orange solids
[Eq. (2) M = Ga, In, T1)].

. CH;CN .
MF; + 3 Me;SiN; —— "3 M(N;);"CH;CN + 3 MesSiF (2)

It was not possible to remove the acetonitrile by continued
pumping at ambient temperature. Even after pumping for 24 hours,
samples of M(N3);-CH3;CN showed virtually no mass-loss.

The neat acetonitrile adducts of the triazides M(N3);-CH;CN are
less dangerous than the donor-free triazides but are still shock-
sensitive and can explode violently upon provocation (e.g. agitation).
The stabilization of these triazides by adduct formation with CH;CN
is in accord with previous reports that Ga(N3); is a strong Lewis acid
and can form stable, structurally characterized adducts with either
one molecule of trialkylamine® or three molecules of
pyridine,?**"! yielding pseudo-tetrahedral or pseudo-octahedral mer-
configuration adducts, respectively.

All attempts to grow single crystals of the triazides or their
acetonitrile adducts by recrystallization were unsuccessful. The
identity of the compounds M(N;); and M(N;3);"CH;CN  was
established by the observed material balances, vibrational spectra,
and by their conversions with tetraphenyphosphonium azide,
PPhyN; into compounds of the previously unknown anions
[Ga(N3)s]*, [In(N3)s]*, and [TI(N3)s]*” which were characterized by
their crystal structures.
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The recording of the vibrational spectrum of the neat triazides
was very challenging due to their extreme shock-sensitivity. In spite
of these difficulties, we succeeded to record Raman spectra of
amorphous samples of all three neat triazides as well as an IR
spectrum of Ga(N3)s.

The vibrational frequencies and intensities observed for
amorphous M(N3); and M(N;3);:CH;CN (M = Ga, In, Tl) are
compared with those calculated for the free molecular species at the
MP2/SBKJ+(d) and B3LYP/SBKJ+(d) levels of theory in Tables S6
— S7 of the Supplementary Material.

Figure 1. Calculated C; structure of the acetonitrile adducts
M(N3)3:CH3CN (M = Ga, In). Bond lengths and angles are listed in the
Supplementary Material.

The MP2 and B3LYP calculations result in minimum energy
structures of C3, symmetry for all three neat planar triazides M(N3);.
However, another isomer of C; symmetry and only slightly higher
energy is also found for the three compounds. At the
B3LYP/SBKIJ+(d) level, the C, isomer of Ga(N3); is only 1.3
kcal/mol (MP2: 2.5 kcal/mol) higher in energy, the one of In(N3); is
only 0.7 kcal/mol (MP2: 1.1 kcal/mol) higher in energy and the one
of TI(N;); was found to be only 0.7 kcal/mol (MP2: 0.6 kcal/mol)
higher in energy. The two structures are very similar (see Table S1
Supplementary Material) and deviate from each other only in the
orientation of one azido group. The small energy differences of less
than 3 kcal/mol between the Cj, and C; structures demonstrate the
general floppiness of the azido ligands. The agreement between the
predicted and observed vibrational spectra is only fair and indicates
that the neat triazides are strongly associated in the solid state, in
accord with their low solubilities and volatilities.

For Ga(N3);CH;CN and In(N;);"CH3CN  (Figure 1), the
MP2/SBKJ+(d) and B3LYP/SBKJ+(d) calculations result in a
minimum energy structures of C; symmetry, resembling the crystal
structure known for the Ga(N3);NR; adducts.?” The predicted
minimum energy structure of TI(N;);-CH;CN is of C; symmetry at
the B3LYP/SBKJ+(d) level and of C; symmetry at the
MP2/SBKJ+(d) level of theory (see Supplementary Material).

As found for other binary polyazides,®'>?*?? the neutral
polyazides can be stabilized either by the formation of donor-
acceptor adducts with Lewis bases or by anion formation which
increases the ionicity of the azido groups. Because an ionic azide
group possesses two double bonds while a covalent azido group has
a single and a triple bond, increasing the ionicity of the existing
azido ligands by further azide addition makes the breaking of an N-
N bond more difficult and enhances the activation energy barrier

toward catastrophic N, elimination. The group 13 M(N;); molecules
are all strong Lewis acids and, in principle, could add one, two or
three azide ions to form the [M(N3),], [M(N3)s]> and [M(N3)s]*
anions, respectively. In the case of boron, the maximum
coordination number (CN) is 4 and, therefore, only the [B(N3)4]
anion is formed.'*! In contrast, Al, Ga, In, and Tl prefer CNs
larger than 4, preferably 6, and cases of CN 4 are only known for
[Al(N3)4]'[23 ! and [Ga(N3)4]'.[20] Since the azido ligand, unlike the
nitrato ligand,”® is only monodentate, in [M(N3),]” an increase of
CN 4 to 6 requires the addition of two extra donor molecules. Two
well characterized examples for the latter case are [Al(N;)4(THF),]
and [In(N;)4(Pyr),].*"!

To examine the stabilization of the very explosive triazides
M(N3); (M = Ga, In, T1) by azide addition, these compounds were
reacted with one equivalent of tetraphenyl phosphonium azide,
[PPh4][N;] in acetonitrile solution. Under these conditions, no
evidence for the formation of tetraazido anions, [M(N3),], was
found. Instead, a 1:1 mixture of a [PPhy],[Ga(N;)s] and the
unreacted triazide was obtained for Ga(N3);. In case of In(Nj); and
TI(N;)3, 1:2 mixtures of the corresponding hexaazido compounds
[PPh,]3[M(N3)s] and the triazides were obtained.

Figure 2. The anion in [PPh,],[Ga(Ns)s]. The two azido groups at N7
and N7A show a positional disorder and have site occupancy factor of
0.5. Thermal ellipsoids are shown at the 50% probability level.
Selected bond lengths [A] and angles [°]: Gal-N1 2.049(2), Gal-N4
1.937(2), Gal-N7 1.948(4), N1-N2 1.191(2), N2-N3 1.152(2), N1-
Gal-N1A 173.42(11), N1-Gal-N4 89.70(8), N1-Gal-N4A 87.31(8),
N1-Gal-N7 85.14(14), N1-Gal-N7A 101.34(14), N4-Gal-N4A
125.88(13), N4-Gal-N7 107.11(17), N4-Gal-N7A 126.38(18).

The triazides were then reacted with three equivalents of
[PPhy][N3] in acetonitrile solution. While in the case of In(N3); and
TI(N;); the pure hexaaxido salts [PPhy]s[M(N3)s] were formed [Eq.
(3) M = In, TD)], in the case of Ga(N3); only 1:1 mixtures of the
pentaazide [PPhy],[Ga(N3)s] and unreacted [PPhyN;3] were obtained

[Eq. (D]

CH3CN

M(N3); + 3 [PPhyJ[N;] ————» [PPhs[M(N3)s] (3)

Ga(N3)s + 2 [PPhyJ[Ns] ——Ep [pPh,],[Ga(N3)s] (4)
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[PPhy]3[In(N3)g] and [PPhy]5[TI(N3)s] were isolated as room-
temperature stable, crystalline solids of yellow and orange color,
respectively. [PPhy],[Ga(N3)s] was isolated as colorless crystals that
are stable at room-temperature. Because of the increased ionicity of
their azido ligands and the presence of two or even three large
counter-ions per anion which diminishes shock propagation, all
three compounds are much less sensitive and explosive than their
parent compounds, M(N3); (M = Ga, In, Tl) and could be
manipulated in our study at room temperature without explosion.
The [PPhy]o[Ga(N3)s], [PPhy]s[In(N3)s], and [PPhy]5[TI(N3)s] salts
were characterized by the observed material balances, their IR and
Raman spectra (see Supplementary Material), and their crystal
structures

Figure 3.The hexaazido anion in [PPh,]s[M(N3)s] (M = In, TI). Thermal
ellipsoids are shown at the 50% probability level. Selected bond
lengths [A] and angles [°] for M = In [M = TI]: M-N1 2.217(2) [2.322(3)],
M-N4 2.193(2) [2.278(3)], M-N13 2.238(2) [2.328(3)], N1-N2 1.183(3)
[1.182(5)], N2-N3 1.160(3) [1.156(5)], N1-M-N4 90.14(8) [89.61(13)],
N1-M-N7 86.27(8) [91.92(14)], N1-M-N10 177.44(8) [176.57(13)], N1-
M-N13 93.38(8) [94.51(13)], N1-M-N16 90.27(8) [90.71(13)], N7-M-
N16 175.44(8) [174.90(14)].

The structures of [PPhy],[Ga(N3)s], [PPhy]s[In(N3)s], and
[PPhy]5[TI(N3)s] were established by single crystal X-ray diffraction
studies (Figures 2-3 and Supplementary Material). The crystal
structure of [PPhy],[Ga(N;)s]?” revealed the presence of well
separated [PPhy]" and [Ga(N3)s]* ions. The closest Ga:-*N and
N---N contacts between neighboring anions are 7.9 A and 5.6 A,
respectively. The observed geometry of the [Ga(N3)s]> anion
(Figure 3) is derived from a trigonal-bipyramidal GaNs skeleton and
in good general agreement with the propeller-type C; structure
predicted by our theoretical calculations. This structure is in good
agreement with the ones calculated for As(N3)5,[6’”] Sb(N3)5,[6’“]
and [Fe(N3)5]2'[ 301 but contrary to the structure observed for
[Bi(N3)s]*I'? or the one calculated for [Se(N3)s] ! for which the
free valence electron pair on its central atom becomes sterically
active, and also in contrast to the theoretically predicted structures
of Nb(N3)s!" and Ta(N;)s.'" While the axial M-N-N bonds in
Nb(N3)s and Ta(N3)s are almost linear and the M-N distances are
essentially the same, the five Ga-N-N bonds in [Ga(N3)s]* are
strongly bent with angles of about 120° and, as expected from
VSEPR arguments,” the axial Ga-N bonds are significantly longer
than the equatorial ones.

[PPhy]5[In(N3)e] crystallizes in the monoclinic space group P2,/n.
The X-ray crystal structure® showed the presence of well separated

[PPh]" cations and [In(N3)¢]" anions without significant cation-
anion interaction. Between neighboring anions, the closest In---N
and N---N contacts were found to be 8.4 A and 6.4 A, respectively.
[PPhJ5[TI(N;)g] crystallizes in the monoclinic space group P2;/n
and is isostructural to [PPhy]s[In(N3)s]. Again, well separated
cations and anions without significant cation-anion interaction were
observed in the X-ray crystal structure.”” Between neighboring
anions, the closest TI---N and N---N contacts were found to be 8.4 A
and 6.4 A, respectively. The observed structures of the [In(N3)e]*
and [TI(N3)s]* anions (Figure 4) are only slightly distorted from
perfect Sg symmetry and are analogous to other hexaazido species
such as [As(N3)].™ [Si(N3)el " [Ge(N3)s].”) W(N3)g,"*! and
[Ti(N3)e]*,!"® and contrary to that of [Te(N3)s]>.l*)

Theoretical calculations were carried out for all the different
polyazide species of this study. For the tetraazido anions [M(N3)4]
M = Ga, In, Tl) (Figure 4 and Supplementary Material), the
B3LYP/SBKJ+(d) level of theory predicts a minimum energy
structure of D,,; symmetry. At the MP2/SBKJ+(d) level of theory,
the structures of [Ga(N3),]” and [In(N;)4] are predicted to be of D,y
symmetry, the one of [TI(N3),4] is calculated to be of C, symmetry.
For the pentaazido anions [M(N3)s]* (M = Ga, In, Tl) minimum
energy structures of Cy symmetry were found (see Supplementary
Material).

Figure 4. Calculated Dyq structure of the tetraazido anions [M(Ns)4]
(M = Ga, In, Tl). Bond lengths and angles are given in the
Supplementary Material.

In summary, the extremely shock-sensitive group 13 triazides
Ga(N3;);, In(Nj);, and TI(N3); have been prepared in SO, and
CH;CN solutions. The use of the corresponding fluoride starting
materials and SO, as a solvent provides a convenient synthesis for
the neat free triazides and firmly established the existence of
thallium triazide. In CH;CN solution, the new M(N;);-CH;CN
donor-acceptor adducts were obtained. Reactions of the triazides
with either stoichiometric amounts or an excess of tetraphenyl-
phosphonium azide in CH3CN solution yield exclusively the novel
[Ga(N3)s]*, [In(N3)e]*" and [TI(N3)s]> anions, the first examples of
multiply charged group 13 polyazido anions. Furthermore, the series
M(N3)s, M(N3)3CH;CN, [M(N3),]", [M(N3)s]*", and [M(N3)s]*" (M =
Ga, In, T1) has been studied by theoretical calculations.
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Experimental Section

Caution! The polyazides of this work are extremely shock-sensitive
and can explode violently upon the slightest provocation. They should
be handled only on a scale of less than 1 mmol using appropriate
safety precautions.[“] In addition, thallium and its compounds are very
poisonous. Ignoring safety precautions can lead to serious
injuries!

Materials and Apparatus: All reactions were carried out in Teflon-FEP
ampules that were closed by stainless steel valves. Volatile materials
were handled in a Pyrex glass vacuum line. Non-volatile materials
were handled in the dry nitrogen atmosphere of a glove box. Raman
spectra were recorded in the Teflon reactors in the range 4000-80
cm™ on a Bruker Equinox 55 FT-RA spectrophotometer using a Nd-
YAG laser at 1064 nm with power levels less than 50 mW! Infrared
spectra were recorded in the range 4000-400 cm™ on a Midac, M
Series, FT-IR spectrometer using KBr pellets. The pellets were
carefully prepared inside the glove box using an Econo mini-press
(Barnes Engineering Co.). The starting materials GaF;, InF; (both
Aldrich), and TIF; (Ozark Mahoning) were used without further
purification. Me3SiN3 (Aldrich) was purified by fractional condensation
prior to use. Solvents were dried by standard methods and freshly
distilled prior to use. PPh,;N; was prepared by a literature method.[*®
Preparation of M(N3); (M = Ga, In, Tl): A sample of MF; (0.2 mmol)
was loaded into a Teflon-FEP ampule, followed by the addition of SO,
(40 mmol) and Me3SiN; (1.0 mmol) in vacuo at -196 °C. The mixture
was allowed to warm to ambient temperature. After 10 hours at
ambient temperature, white to orange precipitates were obtained. The
temperature was lowered to -20 °C, and all volatile material was
pumped off. After additional pumping for 4 hours at ambient
temperature, off-white to orange solids were obtained.

Preparation of M(N3);:XCH3CN (M = Ga, In TI): A sample of MF; (0.4
mmol) was loaded into a Teflon-FEP ampule, followed by the addition
of acetonitrile (60 mmol) and Me3SiN3 (2.0 mmol) in vacuo at -196 °C.
The mixture was allowed to warm to ambient temperature. After 6
hours at ambient temperature, colorless to orange solutions were
obtained. The temperature was lowered to -20 °C, and all volatile
material was pumped off. After additional pumping for 4 hours at
ambient temperature, off-white to orange solids were obtained.

Preparation of [Ga(Na)s]> and [M(Ns)s]> (M = In, TI) salts: Under a
stream of dry nitrogen, a stoichiometric amount of PPhsN3 (0.60 mmol
for [Ga(N3)s]” and 0.9 mmol for [M(Ns)s]*) was added to a frozen
solution of the corresponding triazide (0.30 mmol) in CH3;CN (40
mmol) at -64 °C. The reaction mixture was kept at -25 °C for 30 min,
occasionally agitated and then warmed to ambient temperature. After
30 min, all volatiles were removed at -20 °C in a dynamic vacuum,
leaving behind crystalline solids; weights expected for 0.30 mmol of
[PPh]o[Ga(N3)s], [PPha]s[In(Na)e], and [PPh,]s[TI(N3)e]: 0.288 g, 0.416
g, and 0.442 g weights found: 0.280 g, 0.430 g and 0.453 g,
respectively.

Theoretical Methods: The molecular structures, harmonic vibrational
frequencies, and IR and Raman vibrational intensities were calculated
using second-order perturbation theory (MP2, also known as
MBPT(2)*4 and also at the DFT level using the B3LYP hybrid
functional®* which included the VWNS5 correlation functional® The
Stevens, Basch, Krauss, and Jasien (SBKJ) effective core Eotentials
and the corresponding valence-only basis sets were used.®® The
SBKJ valence basis sets were augmented with a d-polarization
function®™ and a diffuse s+p shell*™ on each heavy atom,denoted as
SBKJ+(d). Hessians (energy second derivatives) were calculated for
the final equilibrium structures to verify them as local minima, that is,
having a positive definite Hessian. All calculations were performed by
using the electronic structure code GAMESS."®
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Table S1. Calculated structures™ for Ga(N;)s, In(N3); and TI(N3)s

Ga(N3); Gy In(N3); sy, TI(N3); Gy, Ga(N3); G In(N3); Cs TI(N3); G

B3LYP MP2 B3LYP MP2 B3LYP MP2 B3LYP MP2 B3LYP MP2 B3LYP MP2
M-N1 1.853 1.839 2.080 2.059 2.210 2.154 1.847 1.833 2.071 2.052 2.195 2.143
M-N4 - - - - - - 1.862 1.845 2.091 2.068 2.206 2.150
M-N7 - - - - - - 1.853 1.839 2.079 2.061 2.230 2.169
NI1-N2 1.256 1.263 1.255 1.264 1.257 1.271 1.256 1.264 1.254 1.264 1.257 1.272
N2-N3 1.159 1.198 1.163 1.202 1.166 1.202 1.159 1.198 1.163 1.203 1.166 1.202
N4-N5 - - - - - - 1.254 1.263 1.254 1.264 1.257 1.273
N5-N6 - - - - - - 1.160 1.200 1.164 1.204 1.166 1.203
N7-N8 - ; - ; ; ; 1.255 1.264 1254 1.266 1.255 1271
N8-N9 - - - - - - 1.160 1.200 1.164 1.203 1.167 1.204
M-N1-N2 120.6 119.2 120.4 120.2 115.3 114.3 120.4 118.8 120.5 119.6 115.5 113.6
M-N4-N5 - - - - - - 123.1 121.6 121.9 120.6 116.5 114.4
M-N7-N8 - - - - - - 122.7 119.9 121.7 119.5 116.9 115.0
NI-M-N1’ 120.0 120.0 120.0 120.0 120.0 120.0 - - - - - -
N1-M-N4 - ; - ; ; ; 1172 117.6 116.7 117.7 113.4 116.4
N1-M-N7 - - - - - - 112.4 114.8 112.2 115.3 114.1 115.5
N4-M-N7 - - - - - - 130.4 127.7 131.1 127.0 132.6 128.1
N1-N2-N3 173.1 172.6 173.3 172.5 173.0 171.8 172.6 171.9 171.9 172.0 172.8 171.6
N4-N5-N6 - - - - - - 173.0 172.2 173.4 172.4 172.5 171.1
N7-N8-N9 - - - - - - 172.4 171.6 172.8 171.8 173.2 171.6
N1-M-N1’-N2’ 180.0 180.0 180.0 180.0 180.0 180.0 - - - - - -
N1-M-N4-N5 - - - - - - 180.0 180.0 180.0 180.0 180.0 180.0
NI1-M-N7-N8 - - - - - - 180.0 180.0 180.0 180.0 180.0 180.0
N4-M-N7-N8 - - 0.0 0.0 0.0 0.0 0.0 0.0

[a] Calculated at the B3LYP/SB
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Table S2. Calculated structures™ for Ga(N;);- CH;CN, In(N;);- CH;CN and TI(N;);-CH;CN

Cc2 2

N7

N8
Ga(N3)3'CH3CN C3 IH(N3)3CH3CN C3 TI(N3)3CH3CN Cs TI(N3)3CH3CN C1

B3LYP MP2 B3LYP MP2 B3LYP MP2
M-N1 1.881 1.868 2.097 2.080 2.207 2.144
M-N4 - - - - 2.266 2211
M-N7 - - - - 2.207 2.187
M-N10 2.127 2.073 2.360 2.301 2.543 2.438
NI1-N2 1.247 1.259 1.248 1.259 1.252 1.271
N2-N3 1.164 1.202 1.167 1.206 1.168 1.202
N4-N5 - - - - 1.241 1.259
N5-N6 - - - - 1.173 1.209
N7-N8 - - - - 1.252 1.263
N8-N9 - - - - 1.168 1.207
N10-C1 1.162 1.181 1.163 1.183 1.167 1.193
C1-C2 1.475 1.476 1.476 1.477 1.477 1.479
M-N1-N2 120.4 117.2 120.7 119.2 114.1 112.3
M-N4-N5 - - - - 114.2 110.3
M-N7-N8 - - - - 114.1 108.0
M-N10-C1 180.0 180.0 180.0 180.0 158.1 139.9
NI-M-N1I” 116.9 116.9 118.0 118.0 - -
N1-M-N4 - - - - 118.8 121.4
N1-M-N7 - - - - 117.2 111.6
N4-M-N7 - - - - 118.8 121.9
NI1-M-N10 100.3 100.3 98.1 98.3 101.5 111.3
N4-M-N10 - - - - 89.7 89.6
N7-M-N10 - - - - 101.5 90.4
N1-N2-N3 174.0 173.3 174.0 173.6 173.6 171.8
N4-N5-N6 - - - - 176.2 174.9
N7-N8-N9 - - - - 173.6 174.2
N10-C1-C2 180.0 180.0 180.0 180.0 179.6 177.3
N1-M-N4-N5 239 27.3 20.2 23.9 103.0 139.9
NI-M-N7-N8 - - - - 146.0 151.1
N4-M-N7-N8 - - - - 29.6 54.1
N1-M-N10-C1 - - 119.4 174.9

[a] Calculated at the B3LYP/ SBKJ+(d) and MP2/ SBKJ+(d) levels of theory. Bond lengths are in [A] and angles in [°].
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Table S3. Calculated structures™ for [M(N3),] (M = Ga, In, TI)

[Ga(N3)4] Doy

[In(N3)4]” D2g

[TI(N3)4] Doy

[TI(N3)4] G,

B3LYP MP2 B3LYP MP2 B3LYP MP2
M-N1 1.927 1.905 2.142 2.117 2.269 2217
M-N1’ 1.927 1.905 2.142 2.117 2.269 2217
M-N1"’ 1.927 1.905 2.142 2.117 2.269 2217
NI-N2 1.237 1.251 1.237 1.251 1.240 1.259
N2-N3 1.171 1.208 1.174 1.212 1.176 1.211
M-NI1-N2 121.7 120.6 123.0 123.1 116.9 1134
NI-M-N1’ 101.8 102.2 101.0 101.4 102.8 107.0
N1-M-N1"’ 113.4 113.2 113.9 113.7 112.9 105.7
NI-M-N1"" 113.4 113.2 113.9 113.7 112.9 116.0
NI’-M-N1”’ 113.4 113.2 113.9 113.7 112.9 116.0
NI’-M-N1""’ 113.4 113.2 113.9 113.7 112.9 105.7
NI”’-M-N1""’ 101.8 102.2 101.0 101.4 102.8 107.0
NI-N2-N3 174.7 173.7 174.9 173.8 175.0 173.8
N2-N1-M-N1" 180.0 180.0 180.0 180.0 180.0 158.4
N2-N1-M-N1"’ 57.8 57.9 57.5 57.6 58.0 342
N2-NI-M-N1""’ 57.8 57.9 57.5 57.6 58.0 84.1

[a] Calculated at the B3LYP/SBKJ+(d) and MP2/ SBKJ+(d) levels of theory. Bond lengths are in [A] and angles in

[°].
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Table S4. Calculated structures™ for [M(N3)s]> (M = Ga, In, TI)

[Ga(N3)s]” C,

[In(N3)s]” C,

[TI(N3)s]* C,

B3LYP MP2 B3LYP MP2 B3LYP MP2
M-N1 2.077 2.049 2.247 2.211 2.359 2.294
M-N4 2.087 2.055 2.252 2214 2.365 2.299
M-N7 1.999 1.967 2.215 2.172 2.348 2.270
M-N10 1.999 1.967 2.215 2.172 2.348 2.270
M-N13 1.984 1.960 2.119 2.171 2.333 2.266
N1-N2 1.223 1.234 1.223 1.242 1.225 1.248
N2-N3 1.185 1.214 1.185 1.222 1.186 1.221
N4-N5 1.220 1.233 1.222 1.244 1.225 1.248
N5-N6 1.185 1.212 1.184 1.221 1.185 1.221
N7-N8 1.223 1.234 1.223 1.242 1.226 1.248
N8-N9 1.183 1.209 1.184 1.221 1.186 1.221
N10-N11 1.223 1.234 1.223 1.242 1.226 1.248
NI11-N12 1.183 1.208 1.184 1.221 1.186 1.221
NI13-N14 1.226 1.235 2.119 1.242 1.227 1.247
N14-N15 1.179 1.208 1.181 1.220 1.184 1.220
M-NI1-N2 124.1 125.0 125.0 126.5 120.2 1193
M-N4-N5 123.7 123.0 124.9 123.0 119.5 116.8
M-N7-N8 124.2 128.7 125.4 128.7 120.4 120.2
M-N10-N11 124.2 128.7 128.7 128.7 120.4 120.2
M-N13-N14 126.9 129.2 127.1 129.2 123.4 1233
N1-M-N4 173.6 170.5 172.2 170.5 171.7 170.0
NI1-M-N7 92.0 92.8 922 92.8 92.3 92.9
NI-M-N10 92.0 92.8 92.2 92.8 92.3 929
N1-M-N13 84.6 82.9 84.4 82.9 83.0 82.2
N4-M-N7 91.7 93.0 92.0 93.0 92.6 93.1
N4-M-N10 91.7 93.0 92.0 93.0 92.6 93.1
N4-M-N13 88.9 88.9 88.3 87.6 88.7 87.8
N7-M-N10 108.4 104.7 108.9 104.7 108.9 105.7
N7-M-N13 125.8 127.6 125.5 127.6 125.5 127.1
N10-M-N13 125.8 127.6 125.5 127.6 125.5 127.1
N1-N2-N3 175.7 175.4 175.7 175.4 175.4 174.6
N4-N5-N6 176.5 175.8 176.2 175.8 175.9 1753
N7-N8-N9 175.5 174.8 175.9 174.8 175.7 174.2
N10-N11-N12 175.5 174.8 175.9 174.8 175.7 174.2
NI13-N14-N15 173.9 174.5 174.7 174.5 174.4 173.9

[a] Calculated at the B3LYP/SBKJ+(d) and MP2/ SBKJ+(d) levels of theory. Bond lengths are in [A] and angles in

[°].
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Table S5. Calculated structures™ for [M(N3)s]* (M = Ga, In, TI)

[Ga(N3)e]* Se

N3

[In(N3)s]” S

[TI(N3)6]* Ss

B3LYP MP2 B3LYP MP2 B3LYP MP2
M-N1 2.103 2.056 2.288 2.242 2.426 2.334
NI-N2 1.212 1.233 1.213 1.236 1.216 1.240
N2-N3 1.193 1.225 1.193 1.228 1.194 1.227
M-NI1-N2 129.3 130.1 131.5 1335 125.9 125.7
NI-M-N1’ 90.6 89.8 89.1 89.7 90.3 90.3
NI-M-N1"’ 89.4 90.2 90.9 90.3 89.7 89.7
N1-M-N1""’ 180.0 180.0 180.0 180.0 180.0 180.0
NI’-M-N1”’ 89.4 90.2 89.1 90.3 90.3 90.3
NI’-M-N1""’ 89.4 90.2 90.9 90.3 89.7 89.7
N1’-M-N1""’ 90.6 89.8 89.1 89.7 90.3 90.3
NI-N2-N3 175.5 175.1 175.7 175.2 175.5 175.1
N2-N1-M-N1’ 142.3 149.6 144.2 151.7 143.7 151.9
N2-N1-M-N1"’ 128.4 120.2 126.7 118.0 126.0 117.8

[a] Calculated at the B3LYP/SBKJ+(d) and MP2/ SBKJ-+(d) levels of theory. Bond lengths are in [A] and angles in

[°].
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Table S6. Comparison of observed and unscaled calculated vibrational frequencies [cm™'] and intensities of M(N3); (M = Ga, In, TI) in point group Cy,

approx. mode

Ga(N3)s

In(Ns)s

TI(N;);

description in observed!® calculated (IR)[Raman] observed calculated (IR)[Raman] observed calculated (IR)[Raman]
™ IR Raman B3LYP MP2 Raman'¥ B3LYP MP2 Raman'® B3LYP MP2
A vi Vi Nsiph 2177[10.0] 2227 (0) [336] 2132 (0)[28] 2160 [1.5] 2190 (0) [538] 2122 (0) [33] gégg {2:2} 2129 (0) [1308] 2130 (0) [113]
va  v¢Nziph 1410 [44] 1309 (0)[12] 1270 (0)[57] 1348 [3.5]1 1293 (0) [2.7] 1249 (0) [47] 1306 [0.5] 1251 (0) [71] 1215 (0) [16]
vs S8Nsipl,iph 647 [0.6] 629 (0) [24] 652 (0)[23] 613 [1.0] 604 (0) [28] 607 (0) [34] 652 [1.3] 605 (0)[19] 602 (0) [35]
Vs Vs MN; 329 [1.6] 437 (0) [59] 461 (0)[36] 294 [10.0] 382 (0) [160] 416 (0) [86] 327110.0] 311 (0) [384] 377 (0) [234]
vs 8 M-N-Niph 158 [1.5] 136 (0) [3.3] 127 (0)[4.5] 110 [5.0] 130 (0) [6.1] 118 (0) [4.6] 115[4.0 sh] 127 (0) [30] 117 (0) [11]
2146 vs 2055 [2.0]
E° v vsNjoph 5(1)(193 :S gﬁ'g {?2} 2213 (2274) [185] 2120 (1949) [39] gégé E;‘% 2178 (2436) [299] 2107 (2172) [62] gg% {3:2} 2125 (2278) [630] 2107 (2664) [112]
2037 w 2009 [1.0]
1360 w
vs  v¢N;oph 338 :’1 ggg {é:g} 1300 (716)[3.3] 1267 (351)[28] 1278[2.6]  1286(623)[3.8] 1255(251)[28] 1306[0.5] 1250 (527)[34] 1219 (240)[21]
1257 m
640 vw
vs  8Nsipl, oph 604 vw 647 [0.6] 662 (84) [4.0] 679 (104)[3.1]  662[0.8] 614 (23) [13] 670 (20) [3.1] 652 [1.5] 610 (20) [14] 622 (6.3) [7.4]
577 m
Vo Vas MN, 457 m 349 [1.0] 496 (133) [7.3] 504 (117)[6.6] 463 [0.5] 429 (123) [15] 456 (132)[11] 357 [4.5] 362 (85) [41] 400 (112) [24]
vio 5 MNN MN; i ph igg H:H 221 (42)[12] 25 (N12]  142[58] 178 (42)[18] 171 (52) [15] }gg E:g% 155(28)[36] 147 (37) [26]
Vi 8 MN; 51(4.4) [18] 47 (4.9)[19] 38(7.8) [18] 36 (7.9) [19] 29 (8.3) [20] 27 (10) [18]
A” v, 8Njopliph 549 [0.3] 542 (14) [0] 659 (3.7)[0] 53310.5] 546 (11) [0] 587 (2.1) [0] 539 (9.0) [0] 539 (0.7) [0]
Vi3 Sumbrella MN3 174 (25) [0] 196 (25)[0] 115 (20) [0] 144 (21) [0] 87 (11) 0] 106 (12) [0]
Vis_ TMN,iph 57 (1.0) [0] 75 (2.3)[0] 45 (1.6) [0] 57(4.7)[0] 35(0.9) [0] 45(2.3)[0]
E” vis 8Nsopl oph 576 [0.2] 546 (0) [4.1] 645 (0)[0.5] 579 [0.7] 547 (0) [7.5] 573 (0) [2.3] 541[0.2] 540 (0) [7.0] 524 (0) [2.9]
Vis TMN; 117 [4.7] 98 (0) [12] 118 (0)[15] 78 (0) [10] 89 (0) [14] 62 (0) [6.8] 69 (0) [11]

[a] Calculated at the B3LYP/SBKJ+(d) and MP2/SBKJ+(d) levels of theory; calculated IR intensities are given in parentheses (km mol™), and Raman intensities in brackets

[A* amu™]. [b] The mode assignments were made assuming an ideal arrangement of Cy, symmetry; i ph = in phase; o ph = out of phase; i pl = in plane; o pl = out of plane. [c]
In addition to the bands listed in this table, Raman bands at 193 [0.4], 139 [0.5] cm™ and IR bands at 2532 vw, 1644br m, 1183 w, 705 w cm™' were observed. [d] In addition to
the bands listed in this table, the following Raman bands were observed: 1506 [0.2], 963 [0.8] cm™. [e] In addition to the bands listed in this table, the following Raman bands
were observed: 1043 [0.5], 275 [1.0], 242 [1.1] cm™. [f] Band falls together with a band from the FEP sample container.
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Table S7. Comparison of observed and unscaled calculated vibrational frequencies [cm™'] and intensities of M(N3); (M = Ga, In, TI) in point group C,

approx. mode

Ga(N3)s

In(N3);

TI(N3)s

description in observed!® calculated (IR)[Raman] observed calculated (IR)[Raman] observed calculated (IR)[Raman]
¢l IR Raman B3LYP MP2 Raman B3LYP MP2 Raman B3LYP MP2

A’ vi  visN;iph 2177[10.0] 2231 (355)[288] 2145 (516) [25] 2160[1.5] 2193 (291) [511] 2130 (388) [44] %;g %gg% 2133 (158) [1317] 2137 (295) [118]
Va2 VasN3oph 2146 vs 2138 [0.3] 2213 (1430) [56] 2132 (895)[16] 2101 ([3.4] 2180(1594)[58] 2117 (1160)[23] gg;g %(2)(5)% 2130 (1526) [60] 2121 (1461) [53]
Vi Vi N3oph g(l)ég :S 2119 [1.5] 2193 (321)[52] 2108 (219) [6.8] 2059[2.5] 2161 (360) [103] 2093 (286) [7.2] 58(3); ﬁg% 2108 (344) [249] 2092 (427)[9.5]
vs  VsN3iph 1360 w 1410[4.4] 1320 (50) [11] 1273 (4.7)[60] 1348 [3.5] 1299 (16)[1.9] 1250 (40) [39] 1306 [0.5] 1256 (125) [22] 1216 (29) [15]
vs  VsN;oph 1296 w 1304[2.0] 1309 (129)[0.9] 1270 (71)[11] 1278[2.6] 1292 (386)[4.8] 1244 (44)[3.2] 1306[0.5] 1255 (56) [82] 1212 (82) [5.9]
Ve VsN;oph gzg $ 1280 [0.4] 1306 (458)[2.1] 1266 (221)[5.5] 1278 [2.6] 1290 (153)[1.4] 1243 (133)[25] 1306[0.5] 1251 (284)[18] 1211 (93)[16]
v, 8 Nsipl, M(N3) ggg zg 647[0.6] 660 (32)[5.0] 678 (42) [2.0] 662 [0.8] 611 (8.9) [15] 613 (7.8) [3.1] 652 [1.3] 610 (5.3) [21] 613 (0.7) [1.9]
vs  ONzipliph, M(N;), 577m 643 (43)[2.1] 663 (57) [1.1] 613 [1.0] 602 (4.4) [12] 605 (15) [8.5] 652 [1.3] 605 (13) [16] 605 (2.8) [33]
vo 8 N3ipl, o ph, M(N3), 576 [0.2] 623 (4.2)[19] 643 (1.6) [25] 57910.7] 598 (6.3) [18] 600 (2.8) [30] 652 [1.3] 599 (1.2) [8.7] 599 (1.9) [15]
Vio  Vas MN, 496 (77) [1.0] 502 (68) [1.0] 463 [0.5] 432 (61) [4.6] 448 (63) [1.4] 370 (35) [23] 406 (50) [13]
Vii Vas MN, 457 m 485 (51)[1.0] 491 (44)[0.9] 463 [0.5] 420 (60) [6.1] 439 (59)[1.9] 3571[4.5] 349 (44) [31] 388 (55) [20]
Vi Vs MN; 329 [1.6] 431 (0.8) [52] 453 (0.3) [31] 294 [10.0]7 378 (0.5)[148] 411 (0.1)[75] 327[10.0] 309 (0.05)[360] 370 (0.8) [198]
vi3 8 M-N-Nipl, o ph 244[1.4]  231(42)[2.1] 223 (49) [1.5] 181 (39) [3.0] 172 (44) [1.8] 162 [4.0] 154 (26) [9.6] 149 (34) [3.3]
vis 8 M-N-Nipl, iph 205 [1.0] 196 (5.5) [5.9] 188 (7.5)[6.5] 142[5.8] 162 (5.0) [10] 151 (7.4) [9.2] 139 [4.0] 146 (4.0) [38] 138 (5.4) [17]
vis 8 M-N-Nipl, o ph 158 [1.5] 138 (0.7) [8.0] 125(0.7)[8.7] 110[5.0] 130 (1.3) [8.4] 115(1.2) [8.9] 115[4.0sh] 127 (1.4)[13] 113 (0.9) [8.8]
Vi 0 MN, 59 (2.3) [2.5] 56 (1.7) [3.1] 45 (3.7) [5.7] 41 (3.7)[2.7] 40 (4.3) [9.8] 42 (4.6) [5.3]
viz O MN, 54 (2.0) [8.8] 50 (2.3) [8.8] 40 (4.0) [6.1] 37 (3.9) [8.0] 32 (4.1)[4.3] 30 (4.9)[5.1]

A’ vig 8N;opl,oph, M(N;), 549 [0.3] 544 (0.3)[1.8] 517(1.1)[0.3] 533 [0.7] 546 (4.5) [2.6] 509 (0.7) [0.8] 54110.2] 540 (5.3) [0.8] 493 (0.4) [0.7]
vig 8 N3 o pl,iph, M(N;); 549 [0.3] 543 (12) [0.1] 513(1.9)[0.2]  533[0.5] 546 (5.4)[0.7] 505 (0.8) [1.1] 5411[0.2] 538 (3.4) [3.4] 491 (0.3) [1.6]
vy 8 Nj o pl, o ph, M(N3), 549 [0.3] 536 (0.01)[1.8] 504 (0.00) [0.4] 533 [0.5] 542 (0.04)[3.7] 501 (0.03)[0.8] 541[0.2] 536 (0.00) [2.4] 489 (0.1)[0.9]
Vo Oumbrella MN3 165 (25) [0.8] 184 (27) [0.9] 110 [5.0] 108 (20) [0.8] 125 (24) [1.0] 83 (8.4) [1.1] 96 (14) [1.0]
vy TMN;o0ph 117 [4.7] 122 (0.03) [7.9] 122 (0.05) [9.7] 97 (0.5) [7.1] 92 (0.00) [9.2] 76 (2.8) [4.6] 74 (0.3) [7.0]
v;  TMN 73 (0.5) [1.6] 84 (0.9)[1.6] 58 (0.5)[1.2] 65 (1.0)[1.3] 44 (0.3) [0.5] 49 (0.3) [0.9]
Vas  TMN,iph 45(0.2) [0.2] 47 (0.4) [0.3] 38 (0.5)[0.2] 37(0.9)[0.3] 28 (0.2) [0.03] 26 (0.2) [0.1]

[a] Calculated at the B3LYP/SBKJ+(d) and MP2/SBKJ+(d) levels of theory; calculated IR intensities are given in parentheses (km mol™), and Raman intensities in brackets

[A* amu']. [b] The mode assignments were made assuming an ideal arrangement of C, symmetry; i ph = in phase; o ph = out of phase; i pl = in plane; o pl = out of plane. [c] In

addition to the bands listed in this table, Raman bands at 349 [1.0], 193 [0.4], 139 [0.5] cm™ and IR bands at 2532 vw, 2037 w, 1644br m, 1296 w, 1183 w, 705 w cm™ were

observed. [d] In addition to the bands listed in this table, the following Raman bands were observed: 1506 [0.2], 963 [0.8] cm™. [e] In addition to the bands listed in this table,

the following Raman bands were observed: 1043 [0.5], 275 [1.0], 242 [1.1] cm™. [f] Band falls together with a band from the FEP sample container.
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Table S8. Comparison of observed and unscaled calculated™ vibrational frequencies [cm™'] and intensities of M(N3);-NCCH; (M = Ga, In)

approx. mode

Ga(N3)3 NCCH3

IH(N3)3'NCCH3

description in observed! calculated (IR)[Raman] observed!? calculated (IR)[Raman]
[ IR Raman B3LYP MP2 IR Raman B3LYP MP2

A v, v,CH; 2930 w 2933[6.3] 3004 (0.5)[258] 3056 (0.3)[217] 2935 vw 2930[3.0] 3004 (0.4)[247] 3057 (0.2)[213]
Vs vCN igég M Séggg% 2394 (86)[297] 2257 3)[137] gﬁz it gg&ﬁé% 2383 (95)[225] 2243 31)[118]
Vi Ve Nyiph g?g:g vy 2166[10.0] 2210 (32)[173] 2173 (7.6)[5.2] 2036w 2154[10.0] 2183 (18)[309] 2151 (5.2)[5.2]
vs 8, CH; 1357 m 1366[1.0] 1375 (0.2)[20] 1410 (0.2)[10] 1330[0.5] 1375 (0.2)[16] 1411 (0.2)[8.9]
vs  v.Nsiph 1312[3.8] 1329 (7.7)[27] 1267 (2.6)[67] 1302[2.2] 1315(3.8)[6.2] 1250 (1.2)[63]
ve vCC 1039 w,br ~ 941[0.5] 936 (16)[10] 960 (19)[4.3] 940 vw 941[0.3] 932 (18)[6.3] 954 (19)[3.7]
v;  8Nsipliph 671[0.4] 633 (2.4)[18] 655 (4.2)[17] 658[0.9] 609 (0.3)[27] 614 (0.4)[25]
vs S8Nsopliph 592mw 554 (15)[0.4] 528 (3.3)[0.1] 556 (12)[0.3] 566 (2.3)[0.8]
Vo Vi MN; 421sh,w  426[0.9] 433 (7.4)[41] 456 (7.6)[24] ggg[g?'f]] 383 (4.0)[116] 414 (4.8)[55]
Vio vV MNcrsen 247[12] 214 (56)[1.7] 243 (40)[0.7] 203[2.7] 183 (29)[3.3] 211 (23)[1.6]
Vit Sumbr M(N3); 197[1.1] 180 (32)[0.9] 197 (45)[1.4] 111[1.1] 124 (14)[5.5] 137 (41)[2.8]
Vi, 8 M(N3)sipl 133[0.8] 129 (0.2)[2.8] 116 (0.4)[3.0] 121 (22)[0.5] 105 (1.2)[2.4]
viz 8 M(N3); 0 pl 31 (1.9)[0.5] 34 (2.8)[0.2] 24 (1.9)[0.3] 29 (3.6)[0.2]
vis  1C-CH; 8.1i (n/a) (n/a)! 16i (n/a)[n/a]"! 6.9 (0.04)[0.2]  15.3i (n/a)[n/a]"™!

E vis v CH; 2997 vw 2992[0.9] 3111 (2.1)[153] 3187 (2.7)[123] 2992[0.4] 3111 (1.6)[150] 3188 (2.3)[123]

2138 s
Vi Vas N3 0 ph géggs‘}’lsm gééggfd 2198 (2475)[139] 2165 (1703)[25] ;gz;$ gééégg 2171 (2655)[221] 2139 (1930)[38]
2036sh w

Vi7 8. CH; 1354[0.5] 1434 (31)[21] 1464 (29)[19] 1380 vw gzg‘gg% 1434 (31)[21] 1465 (30)[16]
vis  vsN3oph 1299 ms 1298[2.4] 1322 (568)[7.4] 1266 (240)[27] 1277 m, br ggg%g% 1309 (521)[3.5] 1249 (178)[28]
Vio Srock + Swag CHy 1039 w, br 1045 (5.1)[0.3] 1076 (2.5)[0.1] 1016 mw 1045 (4.9)[0.2] 1073 (2.6)[0.1]
vy O8Nzipl,oph  671m 655 (73)[3.7] 677 (86)[2.7] 658[0.2] 618 (24)[12] 625 (20)[3.4]
vy 8 Nsopl,o0ph 554 (0.2)[2.9] 524 (0.7)[0.5] 540 s 556 (0.2)[5.8] 577 (3.1)[1.4]
Vi Vi MN3 496 m, br 482 (151)[6.4] 494 (127)[5.2] 493[0.7] 426 (19)[4.6] 441 (127)[7.3]
vy 8 N-C-C 421sh,w  406[0.7] 440 (6.2)[4.0] 448 (9.1)[4.1] 419 vw, sh ;‘ggﬁg 420 (115)[11] 423 (6.9)[4.3]
Vi Ou MN, 208[1.5] 226 (67)[5.9] 231 (69)[4.0] 162[2.0] 177 (62)[9.4] 172 (74)[5.6]
Vas  8a MN, iﬁ[[ll'zz]] 173 (1.6)[6.1] 187 (3.4)[7.6] 124[1.3]  132(5.7)[5.2] 144 (0.6)[8.2]
Vas O MN, 110[0.9] 77 (3.8)[6.2] 93 (1.5)[7.2] 63 (4.3)[4.5] 74 (2.0)[7.6]
Va7 8u M(N3)z i pl 49 (1.5)[15] 49 (1.5)[18] 38 (3.9)[16] 35 (5.D)[17]
Vs 84 M(N3); 0 pl 21 (4.5)[20] 19 (4.0)[19] 15 (3.9)[21] 12.3 (4.1)[19]

[a] Calculated at the B3LYP/SBKJ+(d) and MP2/SBKJ+(d) levels of theory; calculated IR intensities are given in parentheses (km mol'), and Raman intensities in brackets

[A* amu™]. [b] The mode assignments were made assuming an ideal arrangement of Cy symmetry; i ph = in phase; o ph = out of phase; i pl = in plane; o pl = out of plane. [¢] In

addition to the bands listed in this table, Raman bands at 332 [1.0], 317 [0.7] cm™ and IR bands at 1680 w, 1638 w, 1506 mw, 1180 w, 703 vw cm™ were observed. [d] In
addition to the bands listed in this table, the following Raman bands were observed: 323 [1.1], 294 [1.5] cm™. [e] Approximately zero-frequency mode corresponding to free

internal rotation of the methyl group about the C; symmetry axis.
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Table S9. Comparison of observed and unscaled calculated vibrational frequencies [cm™'] and intensities of

TI(N3)3 NCCH3

TI(N3)3 . NCCH3 Cl symmetry

T1(N3);-NCCHj; C; symmetry

observed! approx. mode calculated (MP2) approx. mode calculated (B3LYP)
IR Raman description™ (IR)[Raman]* description™ (IR)[Raman]“
2973 [1.5] v, CH; 3192 (2.1) [35] A v,yCH; 3114 (1.5) [48]
2973 [1.5]  v,sCH; 3184 (1.1) [75] A v, CH; 3111 (0.1) [78]
2926 vw 2942[7.8]  v,CH; 3056 (1.1) [202] A*  v,CH; 3005 (0.4) [216]
2296 w 2255[2.3] vCN 2179 (46) [44] A*  vCN 2356 (78) [106]
2262 mw 2122[10.0] v, N;iph 2162 (260) [43] A viNsiph 2150 (84) [1009]
2074 vs 2100 [5.6]  v.sN;o0ph 2141 (1199) [48] A v, Ns;oph 2123 (1463) [8.3]
2046 vs 3823 Eg} Vas N3 0 ph 2129 (213) [8.0] A viN;oph 2107 (641) [224]
1373(br) w Swist CHa 1464 (12) [7.9] A* Syt CHy 1440 (13) [8.3]
1385[1.7]  Swiss CHy 1458 (14) [11] A Bis CHy 1434 (15) [13]
1325 mw Sumbreila CH3 1406 (8.9) [4.9] A° Sumbrea CHs 1373 (4.0) [8.7]
1264 mw 1278 [1.3]  v¢N; TIN; 1218 (17) [19] A° v N; TIN; 1300 (82) [8.7]
vs N3 i ph TI(N3), 1215 (36) [14] A*  v¢N;iphTI(Ns), 1290 (0.4) [43]
1250 m vs N; 0 ph TI(N3), 1215 (63) [11] A v¢N; o0 ph TI(N;), 1266 (289) [9.9]
1045 w Owag CH3 1071 (1.9) [0.7] A* 8y CH; 1049 (1.1) [0.1]
1005 vw Srock CHs 1066 (4.9) [0.9] A* S CHs 1043 (3.8) [1.1]
926 vw 921 [1.0] v CC 933 (12) [3.2] A*  vCC 923 (14) [5.3]
ggg Xw 669 [0.8] SN3ipliph TI(N3), 619(0.2)[3.1] A 3N;ipl,iphTI(N;); 621 (4.2) [18]
649(sh) vw dN3ipl,ophTI(N;), 611(1.9)[39] A 3N;ipl, ophTI(N;); 618 (3.5) [29]
640 w 3 N3 ipl TIN; 602 (0.9) [11] A** 3 Nsipl, o ph TI(N;), 615 (6.3)[4.5]
591 vw 57910.8] 3 N; o pl TIN; 563 (0.1)[0.3] A** 3N;0pl TIN; 566 (1.9)[0.9]
582w 3 N3 o pl TIN; 548 (0.1) [0.5] A 3N;opliphTI(N;), 549 (6.4) [0.1]
574 vw 3 N3 o pl TIN; 534 (0.3) [0.9] A 3Njopl, ophTI(N;), 548 (0.1) [3.6]
422 w v TIN o ph TI(N3), 411 (52) [9.3] A 3NCCopl 415 (1.7) [1.5]
3 NCCopl 398 (4.2) [0.6] A*  J3NCCipl 390 (4.6) [1.5]
361[1.5] v TIN i ph TI(N3), 383 (28) [107] A v TIN o ph TI(Ns), 371 (43) [16]
SNCCipl 376 (13) [3.3] A* v TIN o ph TI(N;); 343 (42) [67]
298 [6.5] v TIN TI(N;) 374 (19) [77] A® v TINiphTI(N;); 316 (1.3) [290]
235[1.8] v TIN TI(NCCH,;) 207 (13) [1.6] A* 3 TIN, TI(N3), 173 (4.3) [35]
S TINy 159 (26) [3.6] A* v TIN TI(NCCHs3) 160 (16) [1.5]
3 TIN, 149 (16) [3.3] A 3 TINNipl TI(N;) 152 (11) [15]
S TIN, 140 (9.9) [4.4] A S TINNiplophTI(N;), 149 (29)[3.3]
150 [0.4 sh] & TIN, 137 (0.5) [11] A S TIN2 TIN;)(NCCH;) 119 (2.6) [2.2]
S TIN, 122 (0.6) [2.1] A 3TINCopl 95 (2.4)[1.1]
S TIN, 115 (29) [0.9] A 3TINNiplophTI(N;), 87(18)[1.6]
T 96 (5.5)[3.1] A Bumbrenia TIN3 TI(N3)3 66 (7.4)[0.7]
T 82 (5.6) [0.6] A Byag TIN; TI(N3); 58(0.3) [2.0]
T 70 (2.8)[2.2] A°  STINCipl 48 (4.6) [3.4]
T 64 (1.3) [0.6] A 1 43 (0.1) [0.9]
T 48 (1.7) [1.8] A* 1 37 (5.5)[1.1]
T 36 (2.8) [5.4] A 1 26 (0.8) [11]
T 24 (2.5)[4.2] A 1 16 (1.7) [12]
T 16 (0.5) [6.4] A* 1 14 (1.0) [0.9]

[a] In addition to the bands listed in this table Raman bands at 273 [2.5 sh] cm™ and IR bands at 3300(br) vw,
3278 vw, 3260 vw, 2556(br) vw, 2493(br) vw, 2459 vw, 1628(br) vw, 1491 w, 981 vw cm’' were observed.
[b] The mode assignments were made assuming an ideal arrangement of C; symmetry; i ph = in phase; o ph =
out of phase; i pl = in plane; o pl = out of plane. [c] Calculated at the B3LYP/SBKJ+(d) and MP2/SBKJ+(d)
levels of theory; calculated IR intensities are given in parentheses (km mol ™), and Raman intensities in

brackets [A* amu™].
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Table S10. Unscaled calculated™ vibrational frequencies [cm'] and intensities of [M(N3),] (M = Ga, In).

approx. mode description
in point group Dy

calculated (IR)[Raman]

B3LYP

MP2

calculated (IR)[Raman]

B3LYP

MP2

Al i Vas N3 i ph 2199 (0) [255] 2200 (0) [14] 2177 (0) [313] 2181 (0) [17]
V2 v N3 iph 1354 (0) [66] 1278 (0) [119] 1344 (0) [8.2] 1258 (0) [116]
Vs 8 N;ipl, 0ph 633 (0) [0.05] 629 (0) [12] 607 (0) [71] 591 (0) [22]
Ve vs MN, 410 (0) [60] 432 (0) [29] 361 (0) [170] 390 (0) [59]
Vs Suciss MN, i ph 173 (0) [4.8] 164 (0) [5.0] 142 (0) [4.7] 131 (0) [4.1]
Ve 5 MNN o ph 48 (0)[1.3] 41 (0) [2.7] 38 (0) [0.7] 34.(0) [1.0]

A V7 3N;opl, iph 558 (0) [0] 521 (0) [0] 565 (0) [0] 534 (0) [0]
Vs 5 MNN i ph 90 (0) [0] 84 (0) [0] 83 (0) [0] 87 (0) [0]

B Vo §N;0pl,0ph 561 (0) [1.3] 521 (0) [0.2] 567 (0) [4.6] 529 (0) [1.4]
Vio Suar MN 174 (0) [13] 181 (0) [16] 134 (0) [11] 138 (0) [17]
vii T MN i ph 30 (0) [18] 23 (0) [19] 24 (0) [18] 19 (0) [18]

B, Viz Ves N3 0 ph 2158 (36) [132] 2168 (20) [13] 2140 (5.7) [178] 2151 (0.03) [6.3]
Vi3 v, N; 0 ph 1348 (0) [28] 1279 (1.7) [53] 1340 (0.6) [21] 1258 (3.7) [61]
Vis 8Nsipl,iph 641 (41) [2.3] 632 (34) [1.1] 621 (19) [6.4] 593 (13) [2.6]
Vis v MN, 431 (42) [3.4] 444 (38) [3.4] 376 (52) [8.6] 396 (53) [5.4]
Vie Sseiss MN, 0 ph 190 (2.4) [3.6] 182 (4.7) [3.7] 154 (1.8) [4.6] 142 (4.4) [4.2]
iy § MNN o ph 65 (7.1) [3.1] 50 (6.5) [4.7] 48 (11) [0.9] 44 (11)[1.8]

E Vis Vas N3 0 ph 2167 (4124) [12] 2187 (2429) [3] 2148 (4408) [5.7] 2168 (2650) [6.7]
Vio v, N3 0 ph 1343 (552) [1.7] 1274 211) [3.7] 1337 (511) [3.7] 1257 (142) [2.6]
Vao 8Nsipl, o ph 639 (8.5) [2.7] 634 (34.8) [0.1] 613 (0.3) [14.4] 599 (5.6) [1.0]
vai 8N;o0pl, 0 ph 567 (17) [2.5] 529 (2.5) [0.01] 575 (15) [1.6] 556 (1.7) [0]
Vo Vas MN, 438 (239) [3.5] 453 (220) [4.1] 380 (166) [0.3] 400 (169) [2.0]
vas Sumbretls MN3 220 (147) [0.8] 215 (160) [0.1] 160 (129) [1.3] 153 (144) [0.4]
Vas 5 MNN o ph 99 (0.8) [19] 86 (0.01) [18] 84 (4.7)[22] 75 (1.3) [21]
Vas © MN o ph 30 (1.2) [0.03] 31(1.7) [0.01] 28 (2.4) [0.3] 28 (3.0) [0.3]

[a] Calculated at the B3LYP/SBKJ+(d) and MP2/SBKJ+(d) levels of theory; calculated IR intensities are given in parentheses (km
mol™), and Raman intensities in brackets [A* amu™']. [b] The mode assignments were made assuming an ideal arrangement of Dy
symmetry; i ph = in phase; o ph = out of phase; i pl = in plane; o pl = out of plane.
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Table S11. Unscaled calculated vibrational frequencies [cm™'] and intensities of [TI(N3),]".

[TIN3)s]” Do symmetry

[TI(N3)4]” C; symmetry

approx. mode calculated (B3LYP) approx. mode calculated (MP2)
description®! (IR)[Raman]™ description®! (IR)[Raman]™
A Vas N3 i ph 2125 (0) [1202] Vas N3 i ph 2166 (0.0) [82]
veN31iph 1309 (0) [81] Vas N3 0 ph 2134 (751) [38]
8 N;ipl, 0ph 610 (0) [27] v¢N; 0 ph 1235 (32) [10]
ve MN, 302 (0) [466] v¢ N3 iph 1226 (0.00) [75]
Sseiss MNy i ph 129 (0) [22] 8 Nsipl,oph 617 (0.9)[1.2]
5 MNN o ph 33 (0) [0.9] 8N ipl,iph 602 (0.0) [50]
A, 8N; opl, iph 571 (0) [0] 8N; opl, o ph 536 (0.0) [1.2]
3 MNN i ph 70 (0) [0] 8N o0 pl,iph 529 (0.5) [0.3]
B, 8N; 0 pl, 0 ph 570 (0) [6.5] v, MN, 364 (0.0) [200]
Swag MNy 107 (0) [7.6] Vas MN, 356 (76) [0.1]
T MNiph 17 (0) [24] 3 MN, 125 (0.0) [11]
B, Vas N3 0 ph 2096 (28) [406] 5 MN, 110 (35) [0.6]
Vs N3 0 ph 1306 (0.5) [1.6] 3 MN, 88 (5.2) [5.5]
8N ipl,iph 616 (6.2) [23] 8 MNN 85 (0.0) [5.3]
Vas MN, 316 (39) [36] 8 MNN 35 (0.0) [4.3]
Bueiss MN, 0 ph 139 (0.4) [15] TMN 30 (0.0) [7.2]
5 MNN o ph 42 (11) [0.6] TMN 11 (3)[0.1]
E Vas N3 0 ph 2104 (4277) [72] Vas N3 0 ph 2153 (1946) [18]
v¢ N3 0 ph 1308 (466) [12] Vas N3 0 ph 2122 (5.7) [1.0]
8N;ipl, 0ph 612 (7.1) [44] v¢ N3 0 ph 1238 (91) [1.5]
8 N5 0pl, 0ph 586 (11)[0.1] vy N3 0 ph 1225 (0.1) [18]
Vas MN, 331 (121)[9.3] 8 N;ipl, 0ph 615 (0.4) [2.9]
Sumbrela MN3 134 (95) [2.2] 8 N;ipl, oph 603 (2.2) [9.4]
8 MNN o ph 71 (11) [22] 8N;o0pl, o ph 538 (0.01) [0.2]
7 MN o ph 19 (2.6) [0.04] 8N;opl, oph 533 (0.02) [0.8]
- - Vas MN,, 381 (68) [3.9]
- - Vas MN, 349 (39) [8.6]
- - 8 MN, 146 (77.9) [0.8]
- - 8 MN, 127 (3.4) [6.6]
. - 8 MNN 63 (0.8) [7.1]
- - 8 MNN 47 (9.5)[6.2]
- - 8 MNN 36 (0.6) [0.1]
- - T MN 16 (2.0) [4.7]

[a] The mode assignments were made assuming an ideal arrangement of C; symmetry; i ph = in phase; o ph =

out of phase; i pl = in plane; o pl = out of plane. [b] Calculated at the B3LYP/SBKJ+(d) and MP2/SBKJ+(d)
levels of theory; calculated IR intensities are given in parentheses (km mol™), and Raman intensities in
brackets [A* amu™].
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Table S12. Comparison of observed and unscaled calculated™ vibrational frequencies [cm™'] and intensities of [M(N3)s]* (M = Ga, In, T1) in point group C.

approx. mode

[Ga(N3)s]*

[In(N3)s]*

[TIN3)s]>

description in observed!® calculated (IR)[Raman] calculated (IR)[Raman] calculated (IR)[Raman]
cl IR Raman B3LYP MP2 B3LYP MP2 B3LYP MP2

A’ v viNsiph 2113 [4.6] 2168 (93) [158] 2182 (9.4) [8.5] 2152 (43) [154] 2193 (3.6) [6.7] 2105 (46) [1317] 2168 (8.6) [31]
Vs Vi Nsoph3eg, 1 ax 2109 s 2097 [0.4] 2139 (981) [67] 2165 (1180) [1.3] 2123 (1011) [83] 2179 (1227) [0.6] 2083 (967) [234] 2150 (1349) [15]
Vi Vi Njoph2eq,2ax 2080 vs 2078 [1.6] 2114 (1316) [54] 2159 (353) [6.8] 2110 (1620) [60] 2175 (270) [7.4] 2074 (1583) [165] 2145 (426) [14]
Vs Vi Ns;oph3eg,1ax 2064 vs 2057 [0.4] 2109 (1473) [47] 2155 (287) [3.2] 2104 (1249) [53] 2170 (351) [4.8] 2069 (1333) [151] 2136 (461) [31]
vs  VsN3iph 1349 m 1355 [4.4] 1371 (12) [47] 1296 (16) [50] 1362 (5.7) [116] 1262 (1.9) [81] 1339 (12) [5.3] 1243 (17) [49]
Ve VsN;oph,3eqg 1337 [3.7sh] 1367 (30) [44] 1294 (6.5) [105] 1359 (23) [51] 1258 (15) [90] 1338 (13) [12] 1236 (0.2) [63]
vs  vsN;oph,2ax 1360 (72) [22] 1273 (22) [52] 1355 (75) [24] 1246 (23) [46] 1336 (61) [7.1] 1228 (14) [54]
vs  vsN;oph,2eq, 1 ax 1298 m 1303 [3.6] 1357 (111) [15] 1270 (13) [61] 1352 (109) [16] 1244 (12) [76] 1333 (107) [3.7] 1224 (9.5) [49]
vo S8Nsipl, leg 641 w 644 (26) [13] 636 (13) [2.9] 629 (4.1)[12] 631 (0.3)[1.7] 619 (11)[21] 597 (2.1) [5.4]
vio dNsipl 1ax 640 (2.0) [0.9] 627 (6.8) [3.7] 624 (16) [25] 617 (2.6)[1.3] 618 (1.2) [15] 593 (1.5) [21]
vii 8Nsipl, 1ax 636 (9.5)[1.2] 626 (2.3) [2.4] 623 (5.4) [20] 600 (0.9) [1.2] 615 (9.4) [15] 592 (1.0) [4.0]
vi» 8Nsipl,oph,3eq 634 (11) [2.9] 623 (10) [0.7] 619 (4.7)[5.2] 594 (4.9) [30] 614 (1.3) [5.0] 585 (1.9) [14]
vi; 8Njopl,iph,2eq 575 (9.0) [0.1] 529 (1.5)[0.1] 601 (7.7) [0.3] 584 (8.3) [7.8] 580 (5.9) [0.1] 527 (0.6) [0.05]
Vis Vs MN; eg 418 [2.0] 388 (72) [4.9] 412 (68) [5.4] 338 (64) [5.3] 361 (71) [11] 289 (48) [11] 331 (2.1)[186]
vis  vs MNs 401 [10.0] 363 (0.6) [57] 392 (4.1) [30] 324 (1.3) [79] 355 (6.5) [57] 278 (61) [14] 327 (66) [8.3]
Vie  Vas MN, ax 329 (98) [2.5] 353 (108) [1.4] 317 (97) [4.7] 346 (103) [6.4] 268 (0.2) [474] 318 (77) [16]
Vi7 Vi MN, ax 286 [1.8sh] 274 (4.3)[12] 281 (2.0) [11] 263 (0.6) [11] 281 (0.3) [13] 241 (0.3) [8.6] 255 (2.7) [13]
Vis Sumbretia MN; 229 [2.0] 228 (157) [2.9] 232 (143) [3.4] 175 (16) [3.4] 177 (42) [1.9] 150 (10) [16] 153 (9.5) [4.3]
Vio  Oseiss MNo, 1 ax, 1 eq 217 (14) [2.4] 219 (30)[1.4] 174 (90) [1.1] 171 (61) [1.4] 136 (59) [5.7] 142 (65) [1.1]
Vo Ssciss MN, 2 ax 185 (41) [0.7] 192 (51) [0.7] 153 (32) [1.5] 151 (41) [2.0] 126 (44) [9.7] 129 (52) [1.7]
vai S MNNiph,2eq 142[0.8sh]  135(2.1)[8.3] 128 (1.8) [6.1] 116 (1.5)[13] 106 (2.1) [5.6] 109 (0.6) [30] 99 (0.7) [9.7]
vz, O MNNoph,lax, 1eqg 120 (9.9) [2.9] 107 (11) [3.5] 103 (5.1) [2.5] 89 (6.0) [3.0] 97 (4.9) [2.4] 88 (7.7) [1.6]
vs; SMNNiph, lax,1eq 76 (8.8) [3.0] 70 (7.7) [5.2] 61 (8.8) [2.0] 52(7.0)[7.1] 57 (11) [3.9] 52(8.6) [5.7]
Vi SMNNiph, 2 ax 61 (1.3)[14] 56 (1.5) [13] 52(3.5) [13] 44 (5.5)[12] 47 (4.6) [14] 42 (6.3)[10]
vas 8 MNjoph,2ax, 2 eq 38 (0.1) [2.3] 35(0.3) [3.0] 31(0.3) [2.3] 30(1.2) [1.1] 25(0.9)[1.1] 25(1.4)[1.4]
vas  TMNNiph?2eq 24 (0.9) [0.5] 16 (1.0) [0.6] 12 (1.6) [0.4] 19 (1.4)[0.03] 19(2.2)[0.3] 15(2.3)[0.4]

A” vy v Nsoph2eq 2109 s 2113 [4.6] 2137 (2495) [9.1] 2183 (1239) [3.5] 2121 (2607) [12] 2195 (1331) [4.7] 2083 (2647) [20] 2162 (1538) [16]
vas  VsN3oph2eq 1316 m 1342 [4.2] 1366 (123) [2.8] 1294 (47) [4.4] 1359 (124) [1.2] 1262 (33) [0.2] 1337 (114) [6.0] 1236 (26) [6.1]
vae SNsipliph,2eq 630 (0.5) [0.4] 624 (7.3) [0.1] 620 (5.5) [0.5] 661 (1.4) [0.4] 616 (5.4) [2.4] 585 (0.1) [0.5]
vy SNjopliph, 1ax, 1eq 591 (12) [0.02] 552 (1.8) [0.02] 614 (0.0) [8.4] 615 (0.00) [0.1] 583 (0.0) [3.1] 532(0.7)[0.2]
vy 8Nsopliph, 1ax,1eq 589 (0.3) [0.9] 546 (0.4) [0.2] 598 (0.1) [0.1] 597 (0.1)[1.2] 575 (7.7) [0.6] 528 (0.05) [0.3]
vz ON;opl, 1 ax 585 (4.0) [0.4] 544 (0.6) [0.2] 586 (7.6) [0.0] 595 (2.0)[1.1] 574 (0.8) [1.8] 528 (0.1) [2.1]
vz 8Njopl,oph,2eg 577 (0.00) [0.00] 530 (0.00) [0.1] 583 (0.3) [1.1] 559 (0.04) [0.4] 573 (0.9) [2.8] 525 (0.4) [1.1]
Via  Vas MN; eg 375 (143) [2.9] 402 (137) [3.2] 326 (104) [2.4] 350 (104) [3.4] 282 (72)10.2] 322 (90) [1.3]
Vis  Oseiss MN4 2 ax, 2 eg 248 [0.2sh] 231 (2.9)[12] 241 (0.3) [13] 173 (3.1) [8.3] 187 (0.0) [14] 141 (1.7) [5.2] 150 (0.7) [11]
Vg Ociss MNy 2 ax, 2 eq 224 (85) [0.9] 228 (90) [0.9] 164 (76) [0.6] 166 (73) [1.2] 125 (69) [0.5] 125 (69) [2.4]
vi; 8 MNNoph, 2 eq 116 (1.4) [17] 105 (1.0) [25] 127 (0.0) [9.5] 132 (0.5) [9.6] 110 (0.3) [7.7] 107 (2.8) [9.3]
vis 8 MN; o0 ph, 3 eq 87 (0.7) [3.9] 91 (2.9)[1.9] 95 (1.6) [7.9] 92 (10) [7.3] 87 (0.6) [8.2] 74 (5.5) [13]
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viy TMNNoph,2ax,2eq 67 (0.2) [1.5] 69 (0.1)[2.3] 51(0.1)[2.4] 77 (2.0) [2.6] 57 (0.00) [0.7] 59 (0.3) [0.7]

vio TMNNiphlax,1eq 48 (2.3)[0.2] 51 (2.4) [0.05] 41 (3.3) [0.4] 51(2.5)[4.3] 42 (4.9) [0.4] 43 (4.6) [0.9]
vai TMNN oph,2 eq 34 (0.03) [21] 23 (0.5) [10] 23 (0.4) [9.3] 35 (0.0) [18] 24 (0.03) [27] 20 (0.04) [24]
vi2 TMNNiph,2eg 28 (0.5) [12] 21 (0.00) [19] 11 (0.0) [19] 16 (0.4) [8.5] 19 (0.2) [15] 10 (0.2) [11]

[a] Calculated at the B3LYP/SBKJ+(d) and MP2/SBKJ+(d) levels of theory; calculated IR intensities are given in parentheses (km mol™), and Raman intensities in brackets
[A* amu']. [b] The mode assignments were made assuming an ideal arrangement of C, symmetry; i ph = in phase; o ph = out of phase; i pl = in plane; o pl = out of plane; ax =
axial; eq = equatorial. [c] As [PPh]" salt. In addition to the bands listed in this table and the ones of the PPh," cation, Raman bands at 1241 [0.6], 993 [1.0], 826 [0.5], 727 [4.8]
cm’! and IR bands at 2000 s, 1984 s cm™' were observed.
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Table S13. Comparison of observed and unscaled calculated™ vibrational frequencies [cm™'] and intensities of [M(N3)s]> (M = Ga, In, T1) in point group Sg

approx. mode

[Ga(Ns)e”

[In(N3)e]*

[TI(N3)e]*

description in calculated (IR)[Raman] observed!® calculated (IR)[Raman] observed!¥! calculated (IR)[Raman]
Sl B3LYP MP2 Raman IR B3LYP MP2 Raman IR B3LYP MP2

Ay vi v Niiph 2146 (0) [18.6] 2186 (0) [5.7] 2090 [3.5] 2092 m 2141 (0) [72] 2186 (0) [4.8] 2060 [5.5] 2057 m 2093 (0) [1401] 2160 (0)[19]
va  VsNsiph 1377 (0) [546] 1282 (0) [251] 1346 [10.0] 1374 (0) [374] 1252 (0) [227] 1327[2.1] 1351 (0) [463] 1233 (0)[237]
vy O Njipliph 637 (0) [35] 622 (0) [7.1] 627 (0) [58] 595 (0) [13] 649 [1.1] 631 (0) [0.4] 613 (0)[34]
v4 O N;opliph 592 (0) [13] 612 (0) [2.2] 52710.3] 592 (0) [3.5] 558 (0) [0.01] 533 [0.3] 601 (0) [2.1] 592 (0)[0.6]
vs v MN MNgiph 316 (0) [111] 351 (0) [19] 351 [6.0] 285 (0) [138] 317 (0) [42] 320 [10.0] 229 (0) [621] 302 (0)[199]
Ve 0 MNg 208 (0) [13] 220 (0) [2.2] }gi {(1)(3)]3h] 152 (0) [9.8] 158 (0) [7.8] 122 [sh] 119 (0) [3.9] 134 (0)[1.0]
v; 8 MNNiph 113 (0) [1.2] 90 (0) [0.9] 101 (0) [2.6] 75 (0) [0.7] 102 (0) [61] 82 (0)[4.0]
vs  TMNgiph 23 (0) [25] 5(0) [8.0] 14 (0) [28] 25 (0) [17] 26 (0) [29] 26 (0)[10]

E; v9 viNjoph 2097 (0) [141] 2191 (0) [31] 2055 [2.6] 2095 (0) [143] 2195 (0) [18] 2027 [1.0] 2056 (0) [373] 2157 (0)[86]
vio VsNs;oph 1370 (0) [132] 1284 (0) [177] 1291 [2.0] 1369 (0) [124] 1255 (0) [146] 1327 [2.1] 1353 (0) [82] 1238 (0)[169]
vii 8Nsiploph 637 (0) [4.1] 630 (0) [3.0] 626 (0) [13] 594 (0) [2.5] 649 [1.1] 634 (0) [60.3] 609 (0)[18]
vi2 8 Nsoploph 588 (0) [1.9] 596 (0) [2.0] 589 (0) [2.6] 566 (0) [1.9] 53310.3] 599 (0) [14] 589 (0)[1]
vi; v MN MNy o ph 251 (0) [47] 267 (0) [58] 285 [4.0] 233 (0) [43] 252 (0) [37] 231[1.6] 216 (0) [27] 238 (0)[61]
via 8 MNg 167 (0) [5.1] 183 (0) [6.2] }?i H)glh] 141 (0) [10] 152 (0) [16] 122 [sh] 115 (0) [16] 127 (0)[8]
vis 0 MNN o ph 64 (0)[16] 62 (0) [29] 54 (0) [14] 58 (0) [37] 52 (0)[17.2] 53 (0)[25]
Vie TMNs o ph 31 (0) [44] 40 (0) [45] 18 (0) [43] 31 (0) [46] 34 (0)[61] 31 (0)[47]

A, Vvi7 Vs N;oph 2103 (2131) [0] 2180 (480)[0] 2041[1.0] 2054 vs 2101 (2392) [0] 2187 (469)[0]  2012[1.1] 2033s 2060 (1292) [0] 2152 (469)[0]
Vis Vs N3 o0ph 1372 (44) [0] 1284 (13) [0] 1339 m 1371 (45.6) [0] 1255 (10) [0] 1275 mw 1350 (23) [0] 1238 (5.1)[0]
vie O Njiploph 637 (0.6) [0] 622 (4.4) [0] 625 (0.2) [0] 588 (2.7) [0] 625 (0.6) [0] 603 (0.1)[0]
vy O N;oploph 590 (23) [0] 596 (8.9) [0] 612sh vw 591 (21) [0] 552 (4.3) [0] 592 (15) [0] 583 (2.7)[0]
vai v MN MNg o ph 295 (122) [0] 320 (141) [0] 275 (109) [0] 298 (121) [0] 232 (69) [0] 273 (96)[0]
vy, 0 MNg 221 (141) [0] 213 (62) [0] 162 (97) [0] 157 (38) [0] 125 (9.1) [0] 127 (20)[0]
va; 0 MNN o ph 154 (46) [0] 143 (22) [0] 127 (31) [0] 115 (23) [0] 114 (67) [0] 105 (35)[0]
vas 0 MNN o ph 48 (2.3) [0] 53 (19.0) [0] 38(0.9)[0] 37 (11) [0] 35(0.0) [0] 42 (20)[0]
Vo5 TMNg o ph 29 (6.1) [0] 45 (0.03) [0] 16 (6.5) [0] 28 (6.5) [0] 28 (15) [0] 31 (1.1)[0]

E. vy Vi N3joph 2109 (6079) [0] 2192 (3255) [0] 2035 vs 2106 (6079) [0] 2195 (2989) [0] 38%2 :ﬁ 2068 (7044) [0] 2162 (3457)[0]
Va7 Vs N30 ph 1374 (105) [0] 1284 (60) [0] 1339 m 1372 (103) [0] 1255 (37) [0] 1275 mw 1355 (108) [0] 1237 (30)[0]
vas 0 Nsiploph 639 (55) [0] 629 (19) [0] 650 vw 628 (43) [0] 596 (8.6) [0] 635 (38) [0] 608 (7.7)[0]
Va9 0 Njoploph 589 (7.9) [0] 607 (5.6) [0] 612sh vw 590 (8.1) [0] 562 (3.5) [0] 603 (10) [0] 589 (2.4)[0]
vy vV MN MN, o ph 298 (233) [0] 333 (293) [0] 276 (209) [0] 307 (235) [0] 239 (103) [0] 284 (165)[0]
vy 0 MNg 219 (301) [0] 221 (310) [0] 167 (202) [0] 162 (241) [0] 133 (225) [0] 133 (222)[0]
V32 Owagrock MNg 138 (22) [0] 158 (50) [0] 99 (15) [0] 112 (20) [0] 80 (12) [0] 91 (23)[0]
vi3; 6 MNN o ph 58 (20) [0] 43 (12) [0] 47 (19) [0] 41 (12) [0] 45 (16) [0] 40 (13)[0]
vis  TMNgo ph 20 (0.9) [0] 26 (1.5) [0] 14 (1.7) [0] 15 (2.5)[0] 18 (1.7) [0] 20 (3.1)[0]

[a] Calculated at the B3LYP/SBKJ+(d) and MP2/SBKJ+(d) levels of theory; calculated IR intensities are given in parentheses (km mol™), and Raman intensities in brackets
[A* amu']. [b] The mode assignments were made assuming an ideal arrangement of S; symmetry; i ph = in phase; o ph = out of phase; i pl = in plane; o pl = out of plane. [c]
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As [PPh]" salt. In addition to the bands listed in this table and the ones of the PPh," cation, a Raman band at 442 [0.1] cm™ was observed. [d] As [PPh]" salt. In addition to the
bands listed in this table and the ones of the PPh," cation, a Raman band at 393 [0.2] cm™' and an IR band at 847sh vw cm™ were observed.
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Table S14. Crystal data and structure refinement for C48H40GaN15P2.

Identification code
Empirical formula
Formula weight
Temperature
Wavelength
Crystal system
Space group

Unit cell dimensions

Volume

z

Density (calculated)
Absorption coefficient

F(000)

Crystal size

Theta range for data collection
Index ranges

Reflections collected
Independent reflections
Completeness to theta =27.53°
Absorption correction
Transmission factors
Refinement method

Data / restraints / parameters
Goodness-of-fit on F2

Final R indices [I>2sigma(I)]
R indices (all data)

Largest diff. peak and hole

tppgan3m

C48 H40 Ga N15 P2

958.61

140(2) K

0.71073 A

Monoclinic

C2/c

a=11.771(4) A o=90°.

b=18.031(6) A B=91.974(5)°.

c=21.793(7) A v =90°.
4622(2) A3

4

1.377 Mg/m?

0.717 mm’!

1976

0.23 x 0.15 x 0.09 mm?

1.87 to 27.53°.

-15<=h<=15, -23<=k<=22, -28<=[<=28
19912

5242 [R(int) = 0.0369]

98.5 %

Multi-scan

min/max: 0.828

Full-matrix least-squares on F2
5242/0/312

1.029

R1=0.0383, wR2 =0.0889
R1=0.0530, wR2 =0.0971

0.491 and -0.359 e.A3
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Table S15. Atomic coordinates ( x 10%) and equivalent isotropic displacement parameters (A2x 10%)

for C48H40GaN15P2. U(eq) is defined as one third of the trace of the orthogonalized U tensor.

X y z U(eq)
C(1) 3796(2) 6990(1) 8527(1) 33(1)
C(2) 3184(2) 6777(1) 7994(1) 38(1)
C@3) 2890(2) 7301(1) 7556(1) 45(1)
C(4) 3202(2) 8035(1) 7646(1) 48(1)
C(5) 3808(2) 8246(1) 8167(1) 48(1)
C(6) 4111(2) 7724(1) 8611(1) 41(1)
C(7) 5180(2) 6608(1) 9646(1) 34(1)
C(8) 4899(2) 7167(1) 10058(1) 42(1)
C(9) 5683(2) 7392(1) 10505(1) 49(1)
C(10) 6741(2) 7057(1) 10546(1) 49(1)
c(1) 7025(2) 6505(1) 10148(1) 44(1)
C(12) 6247(2) 6275(1) 9694(1) 37(1)
C(13) 2901(2) 6044(1) 9515(1) 31(1)
C(14) 3072(2) 5775(1) 10111(1) 39(1)
C(15) 2151(2) 5587(1) 10457(1) 42(1)
C(16) 1068(2) 5661(1) 10214(1) 38(1)
Cc(17) 892(2) 5914(1) 9622(1) 41(1)
C(18) 1803(2) 6112(1) 9268(1) 37(1)
C(19) 4669(2) 5496(1) 8699(1) 30(1)
C(20) 4236(2) 4791(1) 8791(1) 35(1)
C(1) 4737(2) 4189(1) 8513(1) 41(1)
C(22) 5679(2) 4288(1) 8158(1) 41(1)
C(23) 6103(2) 4987(1) 8058(1) 38(1)
C(24) 5595(2) 5596(1) 8319(1) 35(1)
Ga(1) 0 5363(1) 7500 35(1)
N(1) 766(2) 5298(1) 6672(1) 50(1)
N(2) 1338(1) 5799(1) 6506(1) 36(1)
N@3) 1901(2) 6266(1) 6321(1) 53(1)
N4) -1331(2) 4875(1) 7143(1) 50(1)
N(5) -1291(2) 4543(1) 6665(1) 43(1)
N(6) -1312(2) 4208(1) 6219(1) 57(1)
N(7) -152(5) 6417(2) 7317(2) 54(1)
N(8) 20(5) 6903(2) 7687(2) 48(1)
N©9) 148(4) 7388(3) 8011(3) 80(2)
P(1) 4132(1) 6289(1) 9090(1) 30(1)
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Table S16. Bond lengths [A] and angles [°] for C48H40GaN15P2.

C(1)-C(6)
C(1)-C(2)
C(1)-P(1)
C(2)-C(3)
C(3)-C(4)
C(4)-C(5)
C(5)-C(6)
C(7)-C(12)
C(7)-C(8)
C(7)-P(1)
C(8)-C(9)
C(9)-C(10)
C(10)-C(11)
C(11)-C(12)
C(13)-C(18)
C(13)-C(14)
C(13)-P(1)
C(14)-C(15)
C(15)-C(16)
C(16)-C(17)
C(17)-C(18)
C(19)-C(20)
C(19)-C(24)
C(19)-P(1)
C(20)-C(21)
C(21)-C(22)
C(22)-C(23)
C(23)-C(24)
Ga(1)-N(4)
Ga(1)-N(4)#1
Ga(1)-N(7)#1
Ga(1)-N(7)
Ga(1)-N(1)#1
Ga(1)-N(1)
N(1)-N(2)
N(2)-N(3)
N(4)-N(5)
N(5)-N(6)
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1.385(3)
1.398(3)
1.796(2)
1.378(3)
1.387(3)
1.3743)
1.388(3)
1.392(3)
1.397(3)
1.795(2)
1.379(3)
1.384(4)
1.371(3)
1.388(3)
1.388(3)
1.394(3)
1.8018(19)
1.383(3)
1.370(3)
1.377(3)
1.388(3)
1.388(3)
1.402(3)
1.791(2)
1.384(3)
1.385(3)
1.377(3)
1.382(3)
1.9367(19)
1.9367(19)
1.948(4)
1.948(4)
2.0486(18)
2.0486(18)
1.191(2)
1.152(2)
1.204(3)
1.145(3)



N(7)-N(7)#1
N(7)-N(8)#1
N(7)-N(8)

N(7)-N(9)#1
N(8)-N(8)#1
N(8)-N(7)#1
N(8)-N(9)

N(8)-N(9)#1
N(9)-N(8)#1
N(9)-N(7)#1

C(6)-C(1)-C(2)
C(6)-C(1)-P(1)
C(2)-C(1)-P(1)
C(3)-C(2)-C(1)
C(2)-C(3)-C4)
C(5)-C(4)-C(3)
C(4)-C(5)-C(6)
C(1)-C(6)-C(5)
C(12)-C(7)-C(8)
C(12)-C(7)-P(1)
C(8)-C(7)-P(1)
C(9)-C(8)-C(7)
C(8)-C(9)-C(10)
C(11)-C(10)-C(9)
C(10)-C(11)-C(12)
C(11)-C(12)-C(7)
C(18)-C(13)-C(14)
C(18)-C(13)-P(1)
C(14)-C(13)-P(1)
C(15)-C(14)-C(13)
C(16)-C(15)-C(14)
C(15)-C(16)-C(17)
C(16)-C(17)-C(18)
C(17)-C(18)-C(13)
C(20)-C(19)-C(24)
C(20)-C(19)-P(1)
C(24)-C(19)-P(1)
C(21)-C(20)-C(19)
C(20)-C(21)-C(22)
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0.864(8)
0.889(5)
1.203(5)
1.891(6)
0.814(8)
0.889(5)
1.131(6)
1.759(6)
1.759(6)
1.891(6)

119.94(19)
122.03(16)
118.03(15)
119.8(2)
119.8(2)
120.6(2)
120.1(2)
119.7(2)
119.79(19)
120.61(16)
119.50(16)
119.9(2)
119.8(2)
120.9(2)
120.0(2)
119.7(2)
119.68(18)
122.17(15)
118.15(15)
120.08(19)
120.17(19)
120.10(19)
120.8(2)
119.19(19)
120.04(18)
121.67(15)
118.19(15)
119.39(19)
120.3(2)



C(23)-C(22)-C(21)
C(22)-C(23)-C(24)
C(23)-C(24)-C(19)
N(4)-Ga(1)-N(4)#1
N(4)-Ga(1)-N(7)#1
N(@)#1-Ga(1)-N(7)#1
N(4)-Ga(1)-N(7)
N(@)#1-Ga(1)-N(7)
N(7)#1-Ga(1)-N(7)
N(4)-Ga(1)-N(1)#1
N(@)#1-Ga(1)-N(1)#1
N(7)#1-Ga(1)-N(1)#1
N(7)-Ga(1)-N(1)#1
N(4)-Ga(1)-N(1)
N(@)#1-Ga(1)-N(1)
N(7)#1-Ga(1)-N(1)
N(7)-Ga(1)-N(1)
N(1)#1-Ga(1)-N(1)
N(2)-N(1)-Ga(1)
N(3)-N(2)-N(1)
N(5)-N(4)-Ga(1)
N(6)-N(5)-N(4)
N(7)#1-N(7)-N(8)#1
N(7)#1-N(7)-N(8)
N(8)#1-N(7)-N(8)
N(7)#1-N(7)-N(9)#1
N(8)#1-N(7)-N(9)#1
N(8)-N(7)-N(9)#1
N(7)#1-N(7)-Ga(1)
N(8)#1-N(7)-Ga(1)
N(8)-N(7)-Ga(1)
N(9)#1-N(7)-Ga(1)
N(8)#1-N(8)-N(7)#1
N(8)#1-N(8)-N(9)
N(7)#1-N(8)-N(9)
N(8)#1-N(8)-N(7)
N(7)#1-N(8)-N(7)
N(9)-N(8)-N(7)
N(8)#1-N(8)-N(9)#1
N(7)#1-N(8)-N(9)#1
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120.5(2)
119.94(19)
119.7(2)
125.88(13)
126.37(18)
107.11(17)
107.11(17)
126.37(18)
25.6(2)
87.31(8)
89.70(8)
85.14(14)
101.34(14)
89.70(8)
87.31(8)
101.34(14)
85.14(14)
173.42(11)
119.61(15)
176.7(2)
121.22(15)
176.0(2)
86.6(5)
47.6(3)
42.6(4)
110.0(3)
23.4(4)
64.9(3)
77.19(11)
161.3(6)
124.1(3)
168.2(3)
89.7(3)
128.8(4)
138.4(7)
477(3)
45.8(5)
175.8(6)
30.1(2)
119.8(4)



N(9)-N(8)-N(9)#1 99.3(6)

N(7)-N(8)-N(9)#1 76.8(3)
N(8)-N(9)-N(8)#1 21.1(2)
N(8)-N(9)-N(7)#1 18.2(3)
N(8)#1-N(9)-N(7)#1 38.26(17)
C(19)-P(1)-C(7) 109.37(10)
C(19)-P(1)-C(1) 108.00(9)
C(7)-P(1)-C(1) 111.52(10)
C(19)-P(1)-C(13) 110.63(9)
C(7)-P(1)-C(13) 106.09(9)
C(1)-P(1)-C(13) 111.24(9)

Symmetry transformations used to generate equivalent atoms:

#1 -x,y,-z+3/2
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Table S17. Anisotropic displacement parameters (A2x 103) for C48H40GaN15P2. The anisotropic

displacement factor exponent takes the form: -2m?[ h2 a*2U!! + .. +2 hka* b* U!2]

Ull U22 U33 U23 U13 U12
c(1) 33(1) 31(1) 34(1) 3(1) 4(1) 1(1)
C(2) 44(1) 34(1) 36(1) 1(1) 0(1) 3(1)
C(3) 49(1) 50(1) 37(1) 9(1) -1(1) 0(1)
C(4) 50(1) 45(1) 48(1) 17(1) 5(1) 3(1)
C(5) 57(2) 31(1) 57(1) 9(1) 5(1) -6(1)
C(6) 44(1) 36(1) 43(1) 0(1) o(1) -4(1)
C(7) 37(1) 33(1) 33(1) 2(1) 2(1) “7(1)
C(8) 46(1) 37(1) 43(1) 2(1) -5(1) 2(1)
C(9) 65(2) 41(1) 40(1) -3(1) -6(1) -13(1)
C(10) 54(2) 56(1) 35(1) 9(1) -10(1) 25(1)
c(11) 35(1) 61(2) 37(1) 13(1) -4(1) -10(1)
C(12) 34(1) 44(1) 33(1) 6(1) 1(1) -7(1)
C(13) 30(1) 29(1) 32(1) -1(1) 2(1) 0(1)
C(14) 33(1) 48(1) 37(1) 5(1) -1(1) 0(1)
C(15) 43(1) 49(1) 34(1) 6(1) 4(1) -4(1)
C(16) 36(1) 37(1) 40(1) -6(1) 8(1) -5(1)
c(17) 31(1) 47(1) 46(1) 3(1) 2(1) 3(1)
C(18) 36(1) 40(1) 33(1) -1(1) 2(1) 2(1)
C(19) 29(1) 31(1) 30(1) 1(1) 2(1) 1(1)
C(20) 37(1) 34(1) 33(1) 3(1) 2(1) -1(1)
C(21) 54(1) 28(1) 41(1) 3(1) 1(1) (1)
C(22) 47(1) 41(1) 34(1) -3(1) 3(1) 13(1)
C(23) 31(1) 51(1) 32(1) 3(1) -1(1) 3(1)
C(24) 32(1) 39(1) 35(1) -1(1) 1(1) -4(1)
Ga(1) 36(1) 32(1) 37(1) 0 7(1) 0
N(1) 51(1) 62(1) 37(1) 3(1) 12(1) -17(1)
NQ) 30(1) 45(1) 33(1) 9(1) 2(1) 6(1)
NQ3) 45(1) 50(1) 64(1) 18(1) 17(1) 3(1)
N(4) 37(1) 73(1) 38(1) 0(1) 3(1) -13(1)
N(5) 33(1) 55(1) 40(1) 10(1) -3(1) -10(1)
N(6) 51(1) 70(2) 48(1) -4(1) -7(1) -14(1)
N(7) 86(4) 35(2) 43(3) 0(2) 10(3) 14(2)
N(8) 45(2) 38(2) 63(3) -13(2) 23(3) -4(2)
N(9) 81(3) 54(3) 106(4) -33(3) 35(3) -24(3)
P(1) 30(1) 29(1) 31(1) 0(1) 1(1) 2(1)
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Table S18. Hydrogen coordinates ( x 10%) and isotropic displacement parameters (A2x 10 3)

for C48H40GaN15P2.
X y z U(eq)

H(Q2) 2976 6284 7935 46
HQ3) 2483 7162 7201 54
H(4) 2998 8388 7351 57
H(5) 4016 8740 8222 58
H(6) 4524 7866 8963 49
H(8) 4185 7388 10030 51
H©) 5501 7767 10777 59
H(10) 7267 7209 10849 58
H(11) 7739 6284 10181 53
H(12) 6437 5901 9422 44
H(14) 3806 5721 10276 47
H(15) 2267 5410 10855 50
H(16) 450 5540 10449 45
H(17) 155 5953 9457 49
H(18) 1679 6288 8870 44
H(20) 3615 4723 9038 42
H(21) 4439 3716 8565 49
H(22) 6028 3878 7986 49
H(23) 6730 5050 7816 46
H(24) 5866 6071 8243 42
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Table S19. Crystal data and structure refinement for C72H60In N18P3.

Identification code
Empirical formula
Formula weight
Temperature
Wavelength
Crystal system
Space group

Unit cell dimensions

Volume

Z

Density (calculated)
Absorption coefficient

F(000)

Crystal size

Theta range for data collection
Index ranges

Reflections collected
Independent reflections
Completeness to theta =27.52°
Absorption correction
Transmission factors
Refinement method

Data / restraints / parameters
Goodness-of-fit on F2

Final R indices [I>2sigma(I)]
R indices (all data)

Largest diff. peak and hole

inazidem

C72 H60 In N18 P3

1385.11

163(2) K

0.71073 A

Monoclinic

P2(1)/n

a=13.1599(14) A o=90°.

b=22.704(2) A B=96.707(2)°.

c=22.032(2) A v =90°.
6537.6(12) A3

4

1.407 Mg/m?

0.494 mm'!

2848

0.23 x 0.16 x 0.10 mm?

1.29 to 27.52°.

-16<=h<=16, -26<=k<=29, -28<=1<=26
40351

14707 [R(int) = 0.0649]

97.7 %

Multi-scan

min/max: 0.852

Full-matrix least-squares on F2

14707/ 0/ 847

0.892

R1=0.0382, wR2 = 0.0609
R1=0.0626, wR2 = 0.0643

0.855 and -0.682 e.A-3
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Table S20. Atomic coordinates ( x 10%) and equivalent isotropic displacement parameters (A2x 10%)

for C72H60InN18P3. U(eq) is defined as one third of the trace of the orthogonalized U tensor.

X y z U(eq)
In(1) 6985(1) 3486(1) 7654(1) 24(1)
N(1) 8282(2) 4097(1) 7587(1) 36(1)
NQ) 8995(2) 4183(1) 7955(1) 31(1)
N@3) 9708(2) 4289(1) 8299(1) 50(1)
N(4) 7503(2) 2934(1) 6934(1) 35(1)
N(5) 7988(2) 3101(1) 6544(1) 33(1)
N(6) 8472(2) 3230(1) 6162(1) 68(1)
N(7) 6107(2) 4054(1) 6972(1) 40(1)
N(8) 5467(2) 4382(1) 7066(1) 37(1)
N(©9) 4838(2) 4728(1) 7138(1) 75(1)
N(10) 5710(2) 2846(1) 7692(1) 34(1)
N(11) 4848(2) 3011(1) 7667(1) 33(1)
N(12) 3994(2) 3147(1) 7638(1) 60(1)
N(13) 6368(1) 4016(1) 8386(1) 29(1)
N(14) 6149(1) 3764(1) 8833(1) 27(1)
N(15) 5944(2) 3540(1) 9275(1) 41(1)
N(16) 7926(2) 2977(1) 8380(1) 32(1)
N(17) 7771(2) 2469(1) 8468(1) 38(1)
N(18) 7651(2) 1974(1) 8564(1) 66(1)
P(1) 1123(1) 3511(1) 429(1) 26(1)
P(Q2) 2000(1) 5427(1) 5675(1) 21(1)
P(3) 6927(1) 3304(1) 1665(1) 22(1)
C(1) 843(2) 2746(1) 511(1) 26(1)
C(Q2) 1064(2) 2331(1) 89(1) 44(1)
C@(3) 788(2) 1748(1) 166(1) 50(1)
C(4) 312(2) 1581(1) 654(1) 42(1)
C(5) 77(2) 1993(1) 1069(1) 36(1)
C(6) 335(2) 2570(1) 995(1) 33(1)
C(7) 1793(2) 3800(1) 1123(1) 24(1)
C(8) 2197(2) 3436(1) 1599(1) 30(1)
C(9) 2742(2) 3679(1) 2112(1) 36(1)
C(10) 2895(2) 4275(1) 2152(1) 37(1)
C(11) 2502(2) 4643(1) 1681(1) 36(1)
C(12) 1955(2) 4404(1) 1166(1) 31(1)
C(13) -68(2) 3889(1) 245(1) 24(1)
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C(14)
C(15)
C(16)
C(17)
C(18)
C(19)
C(20)
c(1)
C(22)
C(23)
C(24)
C(25)
C(26)
C(27)
C(28)
C(29)
C(30)
Cc@31)
C(32)
C(33)
C(34)
C(35)
C(36)
C(37)
C(38)
C(39)
C(40)
C(41)
C(42)
C(43)
C(44)
C(45)
C(46)
C(47)
C(48)
C(49)
C(50)
c(51)
C(52)
C(53)

-446(2)

-1397(2)
-1955(2)
-1585(2)

-652(2)
1925(2)
1636(2)
2313(2)
3272(2)
3553(2)
2889(2)
3320(2)
4083(2)
5098(2)
5361(2)
4612(2)
3594(2)
1641(2)
2381(2)
2102(2)
1090(2)
350(2)
618(2)
1196(2)
946(2)
360(2)
18(2)
259(2)
847(2)
1931(2)
1593(2)
1625(2)
1965(2)
2289(2)
2284(2)
6386(2)
5346(2)
4926(2)
5528(2)
6553(2)

4283(1)
4542(1)
4418(1)
4024(1)
3757(1)
3609(1)
3947(1)
4023(1)
3767(1)
3428(1)
3346(1)
5621(1)
5276(1)
5416(1)
5898(1)
6234(1)
6096(1)
4904(1)
4646(1)
4216(1)
4050(1)
4314(1)
4738(1)
6068(1)
6295(1)
6300(1)
7078(1)
6852(1)
6351(1)
5099(1)
4525(1)
4265(1)
4584(1)
5155(1)
5415(1)
2912(1)
2769(1)
2424(1)
2224(1)
2363(1)

643(1)
489(1)
-65(1)

-467(1)

-310(1)

-168(1)

-685(1)

“1116(1)
-1032(1)

-520(1)

-88(1)
5881(1)
5674(1)
5839(1)
6204(1)
6416(1)
6259(1)
6219(1)
6635(1)
7033(1)
7016(1)
6606(1)
6209(1)
5666(1)
6221(1)
6221(1)
5682(1)
5136(1)
5126(1)
4929(1)
4828(1)
4261(1)
3793(1)
3881(1)
4450(1)
2258(1)
2165(1)
2587(1)
3102(1)
3198(1)
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30(1)
33(1)
35(1)
35(1)
28(1)
29(1)
29(1)
37(1)
43(1)
49(1)
45(1)
22(1)
31(1)
38(1)
39(1)
40(1)
34(1)
22(1)
27(1)
32(1)
34(1)
33(1)
28(1)
22(1)
26(1)
32(1)
34(1)
37(1)
28(1)
21(1)
27(1)
32(1)
33(1)
31(1)
26(1)
22(1)
30(1)
34(1)
34(1)
32(1)



C(54)
C(55)
C(56)
C(57)
C(58)
C(59)
C(60)
C(61)
C(62)
C(63)
C(64)
C(65)
C(66)
C(67)
C(68)
C(69)
C(70)
C(71)
C(72)

6987(2)
8104(2)
8979(2)
9909(2)
9976(2)
9119(2)
8180(2)
6029(2)
5680(2)
5057(2)
4758(2)
5071(2)
5712(2)
7217(2)
7591(2)
7795(2)
7668(2)
7328(2)
7092(2)

2707(1)
3664(1)
3318(1)
3579(1)
4181(1)
4528(1)
4271(1)
3847(1)
4264(1)
4716(1)
4751(1)
4333(1)
3879(1)
2781(1)
2973(1)
2571(1)
1979(1)
1787(1)
2187(1)

2772(1)
1957(1)
2092(1)
2289(1)
2346(1)
2217(1)
2023(1)
1351(1)
1745(1)
1517(1)
899(1)
504(1)
729(1)
1101(1)
567(1)
127(1)
224(1)
756(1)
1192(1)

25(1)
21(1)
25(1)
29(1)
31(1)
31(1)
27(1)
24(1)
32(1)
40(1)
45(1)
44(1)
33(1)
22(1)
30(1)
32(1)
36(1)
43(1)
32(1)
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Table S21. Bond lengths [A] and angles [°] for C72H60InN18P3.

In(1)-N(4) 2.193(2)
In(1)-N(7) 2.202(2)
In(1)-N(1) 2.217(2)
In(1)-N(16) 2.228(2)
In(1)-N(10) 2.229(2)
In(1)-N(13) 2.2383(19)
N(1)-N(2) 1.183(3)
N(@2)-N@3) 1.160(3)
N(@4)-N(5) 1.190(3)
N(5)-N(6) 1.151(3)
N(7)-N(8) 1.161(3)
N(8)-N(9) 1.165(3)
N(10)-N(11) 1.190(3)
N(11)-N(12) 1.160(3)
N(13)-N(14) 1.202(3)
N(14)-N(15) 1.158(3)
N(16)-N(17) 1.191(3)
N(17)-N(18) 1.159(3)
P(1)-C(1) 1.788(3)
P(1)-C(13) 1.792(2)
P(1)-C(19) 1.795(2)
P(1)-C(7) 1.797(2)
P(2)-C(31) 1.791(2)
P(2)-C(25) 1.797(2)
P(2)-C(37) 1.798(2)
P(2)-C(43) 1.798(2)
P(3)-C(61) 1.790(2)
P(3)-C(67) 1.792(2)
P(3)-C(49) 1.796(2)
P(3)-C(55) 1.803(2)
C(1)-C(2) 1.378(3)
C(1)-C(6) 1.382(3)
C(2)-C(3) 1.387(4)
C(3)-C(4) 1.362(4)
C(4)-C(5) 1.368(3)
C(5)-C(6) 1.368(3)
C(7)-C(12) 1.388(3)
C(7)-C(8) 1.392(3)
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C(8)-C(9)
C(9)-C(10)

C(10)-C(11)
C(11)-C(12)
C(13)-C(14)
C(13)-C(18)
C(14)-C(15)
C(15)-C(16)
C(16)-C(17)
C(17)-C(18)
C(19)-C(20)
C(19)-C(24)
C(20)-C(21)
C(21)-C(22)
C(22)-C(23)
C(23)-C(24)
C(25)-C(30)
C(25)-C(26)
C(26)-C(27)
C(27)-C(28)
C(28)-C(29)
C(29)-C(30)
C(31)-C(32)
C(31)-C(36)
C(32)-C(33)
C(33)-C(34)
C(34)-C(35)
C(35)-C(36)
C(37)-C(42)
C(37)-C(38)
C(38)-C(39)
C(39)-C(40)
C(40)-C(41)
C(41)-C(42)
C(43)-C(44)
C(43)-C(48)
C(44)-C(45)
C(45)-C(46)
C(46)-C(47)
C(47)-C(48)
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1.381(3)
1.369(3)
1.384(3)
1.382(3)
1.384(3)
1.398(3)
1.390(3)
1.378(3)
1.385(3)
1.377(3)
1.389(3)
1.395(3)
1.386(3)
1.382(3)
1.379(4)
1.378(3)
1.384(3)
1.392(3)
1.379(3)
1.379(3)
1.371(3)
1.381(3)
1.386(3)
1.395(3)
1.389(3)
1.380(3)
1.385(3)
1.375(3)
1.384(3)
1.400(3)
1.382(3)
1.373(3)
1.377(3)
1.377(3)
1.388(3)
1.399(3)
1.387(3)
1.377(3)
1.372(3)
1.386(3)



C(49)-C(54)
C(49)-C(50)
C(50)-C(51)
C(51)-C(52)
C(52)-C(53)
C(53)-C(54)
C(55)-C(60)
C(55)-C(56)
C(56)-C(57)
C(57)-C(58)
C(58)-C(59)
C(59)-C(60)
C(61)-C(66)
C(61)-C(62)
C(62)-C(63)
C(63)-C(64)
C(64)-C(65)
C(65)-C(66)
C(67)-C(72)
C(67)-C(68)
C(68)-C(69)
C(69)-C(70)
C(70)-C(71)
C(71)-C(72)

N(4)-In(1)-N(7)
N(4)-In(1)-N(1)
N(7)-In(1)-N(1)
N(4)-In(1)-N(16)
N(7)-In(1)-N(16)
N(1)-In(1)-N(16)
N(4)-In(1)-N(10)
N(7)-In(1)-N(10)
N(1)-In(1)-N(10)
N(16)-In(1)-N(10)
N(4)-In(1)-N(13)
N(7)-In(1)-N(13)
N(1)-In(1)-N(13)
N(16)-In(1)-N(13)
N(10)-In(1)-N(13)
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1.383(3)
1.398(3)
1.380(3)
1.383(3)
1.377(3)
1.393(3)
1.387(3)
1.398(3)
1.383(3)
1.373(3)
1.378(3)
1.389(3)
1.387(3)
1.397(3)
1.373(3)
1.375(4)
1.381(4)
1.386(3)
1.376(3)
1.399(3)
1.380(3)
1.373(3)
1.3743)
1.383(3)

91.28(8)
90.14(8)
86.27(8)
91.71(8)

175.44(8)
90.27(8)
87.31(8)
94.02(8)

177.44(8)
89.56(8)

176.44(7)
88.43(8)
93.38(8)
88.80(7)
89.17(7)



N(2)-N(1)-In(1) 127.81(17)

N(3)-N(@2)-N(1) 176.8(3)
N(5)-N(4)-In(1) 125.33(18)
N(6)-N(5)-N(4) 176.1(3)
N(8)-N(7)-In(1) 125.94(19)
N(7)-N(8)-N(9) 176.8(3)
N(11)-N(10)-In(1) 120.65(17)
N(12)-N(11)-N(10) 176.9(3)
N(14)-N(13)-In(1) 118.43(16)
N(15)-N(14)-N(13) 177.5(3)
N(17)-N(16)-In(1) 121.85(17)
N(18)-N(17)-N(16) 177.8(3)
C(1)-P(1)-C(13) 107.64(10)
C(1)-P(1)-C(19) 109.84(11)
C(13)-P(1)-C(19) 110.36(11)
C(1)-P(1)-C(7) 110.86(11)
C(13)-P(1)-C(7) 110.34(11)
C(19)-P(1)-C(7) 107.82(11)
C(31)-P(2)-C(25) 108.44(10)
C(31)-P(2)-C(37) 110.03(10)
C(25)-P(2)-C(37) 110.80(11)
C(31)-P(2)-C(43) 110.39(11)
C(25)-P(2)-C(43) 106.07(10)
C(37)-P(2)-C(43) 111.01(11)
C(61)-P(3)-C(67) 111.90(11)
C(61)-P(3)-C(49) 108.86(11)
C(67)-P(3)-C(49) 108.05(11)
C(61)-P(3)-C(55) 109.10(11)
C(67)-P(3)-C(55) 107.71(10)
C(49)-P(3)-C(55) 111.23(10)
C(2)-C(1)-C(6) 118.7(2)
C(2)-C(1)-P(1) 122.4(2)
C(6)-C(1)-P(1) 118.86(19)
C(1)-C(2)-C(3) 119.5(3)
C(4)-C(3)-C(2) 120.8(3)
C(3)-C(4)-C(5) 119.9(3)
C(6)-C(5)-C(4) 119.7(3)
C(5)-C(6)-C(1) 121.32)
C(12)-C(7)-C(8) 119.6(2)
C(12)-C(7)-P(1) 118.37(19)
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C(8)-C(7)-P(1)
C(9)-C(®)-C(7)
C(10)-C(9)-C(8)
C(9)-C(10)-C(11)
C(12)-C(11)-C(10)
C(11)-C(12)-C(7)
C(14)-C(13)-C(18)
C(14)-C(13)-P(1)
C(18)-C(13)-P(1)
C(13)-C(14)-C(15)
C(16)-C(15)-C(14)
C(15)-C(16)-C(17)
C(18)-C(17)-C(16)
C(17)-C(18)-C(13)
C(20)-C(19)-C(24)
C(20)-C(19)-P(1)
C(24)-C(19)-P(1)
C(21)-C(20)-C(19)
C(22)-C(21)-C(20)
C(23)-C(22)-C(21)
C(24)-C(23)-C(22)
C(23)-C(24)-C(19)
C(30)-C(25)-C(26)
C(30)-C(25)-P(2)
C(26)-C(25)-P(2)
C(27)-C(26)-C(25)
C(26)-C(27)-C(28)
C(29)-C(28)-C(27)
C(28)-C(29)-C(30)
C(29)-C(30)-C(25)
C(32)-C(31)-C(36)
C(32)-C(31)-P(2)
C(36)-C31)-P(2)
C(31)-C(32)-C(33)
C(34)-C(33)-C(32)
C(33)-C(34)-C(35)
C(36)-C(35)-C(34)
C(35)-C(36)-C(31)
C(42)-C(37)-C(38)
C(42)-C(37)-P(2)
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122.0(2)
119.6(3)
120.5(3)
120.6(3)
119.4(3)
120.4(2)
119.4(2)
122.32(18)
118.18(18)
119.9(2)
120.0(2)
120.5(2)
119.6(2)
120.5(2)
119.9(2)
122.80(18)
117.2(2)
119.6(2)
120.4(3)
119.8(3)
120.6(3)
119.7(3)
119.2(2)
121.24(18)
119.51(19)
119.9(2)
120.4(2)
119.9(2)
120.3(3)
120.3(2)
119.9(2)
120.16(18)
119.84(17)
119.7(2)
120.0(2)
120.1(2)
120.3(2)
119.8(2)
119.5(2)
121.38(18)



C(38)-C(37)-P(2)
C(39)-C(38)-C(37)
C(40)-C(39)-C(38)
C(39)-C(40)-C(41)
C(42)-C(41)-C(40)
C(41)-C(42)-C(37)
C(44)-C(43)-C(48)
C(44)-C(43)-P(2)

C(48)-C(43)-P(2)

C(45)-C(44)-C(43)
C(46)-C(45)-C(44)
C(47)-C(46)-C(45)
C(46)-C(47)-C(48)
C(47)-C(48)-C(43)
C(54)-C(49)-C(50)
C(54)-C(49)-P(3)

C(50)-C(49)-P(3)

C(51)-C(50)-C(49)
C(50)-C(51)-C(52)
C(53)-C(52)-C(51)
C(52)-C(53)-C(54)
C(49)-C(54)-C(53)
C(60)-C(55)-C(56)
C(60)-C(55)-P(3)

C(56)-C(55)-P(3)

C(57)-C(56)-C(55)
C(58)-C(57)-C(56)
C(57)-C(58)-C(59)
C(58)-C(59)-C(60)
C(55)-C(60)-C(59)
C(66)-C(61)-C(62)
C(66)-C(61)-P(3)

C(62)-C(61)-P(3)

C(63)-C(62)-C(61)
C(62)-C(63)-C(64)
C(63)-C(64)-C(65)
C(64)-C(65)-C(66)
C(65)-C(66)-C(61)
C(72)-C(67)-C(68)
C(72)-C(67)-P(3)
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119.10(18)
119.6(2)
120.5(2)
119.92)
120.6(2)
120.0(2)
119.3(2)
121.10(18)
119.46(18)
120.0(2)
119.92)
120.9(2)
119.8(2)
120.1(2)
119.92)
121.63(17)
118.20(18)
119.7(2)
120.12)
120.5(2)
119.8(2)
119.9(2)
119.3(2)
122.40(18)
118.22(18)
120.1(2)
120.0(2)
120.5(2)
120.0(2)
120.0(2)
119.7(2)
121.85(19)
118.41(18)
120.4(2)
119.6(3)
120.8(3)
119.9(3)
119.5(3)
119.2(2)
120.70(18)



C(68)-C(67)-P(3) 120.10(18)

C(69)-C(68)-C(67) 120.1(2)
C(70)-C(69)-C(68) 120.1(2)
C(69)-C(70)-C(71) 120.0(2)
C(70)-C(71)-C(72) 120.5(3)
C(67)-C(72)-C(71) 120.1(2)

Symmetry transformations used to generate equivalent atoms:
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Table S22. Anisotropic displacement parameters (A2x 103) for C72H60InN18P3. The anisotropic

displacement factor exponent takes the form: -2m?[ h2 a*2U!! + .. +2 hka* b* U!2]

Ull U22 U33 U23 U13 U12
In(1) 27(1) 23(1) 22(1) -1(1) 4(1) 2(1)
N(1) 39(1) 46(2) 24(1) -1(1) 3(1) -17(1)
NQ) 36(1) 29(1) 31(1) 4(1) 16(1) -7(1)
NQ) 42(2) 66(2) 42(2) 14(1) 2(1) -17(1)
N(@4) 40(1) 34(1) 33(1) 9(1) 14(1) -5(1)
N(5) 43(1) 30(1) 26(1) 3(1) 2(1) 3(1)
N(6) 102(2) 67(2) 43(2) 5(2) 41(2) 9(2)
N(7) 55(2) 42(2) 24(1) 6(1) 4(1) 12(1)
N(8) 42(2) 44(2) 23(1) 11(1) -8(1) -1(1)
N©) 69(2) 102(3) 51(2) 16(2) -6(2) 43(2)
N(10) 28(1) 30(1) 45(2) 2(1) 4(1) -5(1)
N(11) 43(2) 29(1) 28(1) -4(1) 10(1) -13(1)
N(12) 31(2) 59(2) 91(2) -14(2) 17(2) -6(1)
N(13) 39(1) 27(1) 23(1) 0(1) 8(1) 1(1)
N(14) 20(1) 31(1) 31(1) -6(1) 2(1) 0(1)
N(15) 36(1) 60(2) 29(1) 5(1) 11(1) -8(1)
N(16) 37(1) 31(1) 28(1) 4(1) 3(1) 5(1)
N(17) 54(2) 41(2) 19(1) -1(1) 8(1) 14(1)
N(18)  118(2) 34(2) 45(2) 11(1) 9(2) 12(2)
P(1) 25(1) 30(1) 22(1) -1(1) 3(1) 3(1)
PQ2) 25(1) 22(1) 17(1) 1(1) 2(1) 0(1)
P(3) 25(1) 23(1) 19(1) 1(1) 4(1) -1(1)
c(1) 24(1) 29(2) 25(1) -5(1) -3(1) 5(1)
C(2) 60(2) 41(2) 33(2) -6(1) 16(2) 5(2)
C(3) 76(2) 30(2) 45(2) -15(2) 132) 7(2)
C(4) 53(2) 28(2) 42(2) 2(1) -8(2) o(1)
C(5) 38(2) 39(2) 30(2) 1(1) -4(1) -6(1)
C(6) 35(2) 35(2) 29(2) 9(1) 7(1) 2(1)
C(7) 19(1) 29(2) 23(1) -1(1) 3(1) 2(1)
C(8) 26(1) 27(2) 35(2) 0(1) 2(1) 2(1)
C(9) 36(2) 44(2) 25(2) 3(1) -4(1) -1(1)
C(10) 35(2) 48(2) 29(2) 9(1) (1) -8(1)
c(11) 34(2) 29(2) 45(2) -7(1) 8(1) 7(1)
C(12) 33(2) 31(2) 31(2) 4(1) 5(1) 1(1)
C(13) 22(1) 28(2) 21(1) 2(1) 5(1) 0(1)
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C(14)
C(15)
C(16)
C(17)
C(18)
C(19)
C(20)
c1)
C(22)
C(23)
C(24)
C(25)
C(26)
C(27)
C(28)
C(29)
C(30)
Cc@31)
C(32)
C(33)
C(34)
C(35)
C(36)
C(37)
C(38)
C(39)
C(40)
C(41)
C(42)
C(43)
C(44)
C(45)
C(46)
C(47)
C(48)
C(49)
C(50)
c(51)
C(52)
C(53)
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30(2)
37(2)
24(1)
26(2)
25(1)
23(1)
29(1)
44(2)
39(2)
28(2)
35(2)
25(1)
29(2)
26(2)
26(2)
37(2)
27(2)
29(1)
28(1)
45(2)
58(2)
39(2)
33(2)
22(1)
27(1)
34(2)
33(2)
44(2)
33(1)
21(1)
26(1)
31(2)
30(2)
26(1)
25(1)
27(1)
28(1)
31(2)
47(2)
44(2)

33(2)
27(2)
43(2)
51(2)
36(2)
37(2)
29(2)
38(2)
47(2)
60(2)
57(2)
25(2)
34(2)
47(2)
46(2)
38(2)
37(2)
20(1)
30(2)
33(2)
23(2)
32(2)
29(2)
21(1)
29(2)
32(2)
24(2)
35(2)
32(2)
24(1)
30(2)
31(2)
50(2)
472)
29(2)
20(1)
39(2)
39(2)
25(2)
31(2)

26(2)
39(2)
40(2)
26(2)
252)
27(2)
31(2)
29(2)
48(2)
60(2)
45(2)
17(1)
30(2)
412)
44(2)
45(2)
39(2)
16(1)
23(1)
19(1)
25(2)
30(2)
24(1)
23(1)
21(1)
30(2)
45(2)
33(2)
20(1)
18(1)
25(2)
32(2)
19(2)
20(1)
25(2)
19(1)
23(2)
33(2)
31(2)
22(2)

3(1)
6(1)
21(1)
11(1)
0(1)
-6(1)
-6(1)
-4(1)

-18(2)

-7(2)
4(2)
2(1)
-5(1)
-8(2)
-3(2)

-14(1)
-10(1)

2(1)
2(1)
6(1)
4(1)
-1(1)
5(1)
2(1)
2(1)
-6(1)
3(1)
10(1)
3(1)
1(1)
1(1)

-10(1)
-11(1)

3(1)
1(1)
1(1)
-1(1)
-6(1)
2(1)
6(1)

1(1)
14(1)
7(1)
1(1)
7(1)
6(1)
6(1)
13(1)
24(2)
14(2)
10(1)
1(1)
2(1)
5(1)
2(1)
-1(1)
6(1)
4(1)
5(1)
3(1)
16(1)
9(1)
2(1)
3(1)
2(1)
8(1)
8(1)
3(1)
5(1)
1(1)
-1(1)
-5(1)
-3(1)
3(1)
3(1)
7(1)
1(1)
10(1)
18(1)
8(1)

3(1)
7(1)
9(1)
-8(1)
0(1)
2(1)
-1(1)
-3(1)

-13(1)

6(2)
10(1)
2(1)
3(1)
11(1)
2(1)
-6(1)
0(1)
3(1)
4(1)
12(1)
1(1)
-5(1)
2(1)
-1(1)
0(1)
3(1)
4(1)
8(1)
5(1)
3(1)
2(1)
2(1)
8(1)
6(1)
2(1)
-2(1)
-6(1)

-11(1)

-5(1)
8(1)



C(54)
C(55)
C(56)
C(57)
C(58)
C(59)
C(60)
C(61)
C(62)
C(63)
C(64)
C(65)
C(66)
C(67)
C(68)
C(69)
C(70)
C(71)
C(72)

25(1)
23(1)
30(1)
24(1)
28(2)
41(2)
31(1)
22(1)
30(1)
32(2)
35(2)
46(2)
35(2)
25(1)
36(2)
34(2)
41(2)
70(2)
50(2)

27(2)
27(2)
24(2)
43(2)
45(2)
28(2)
28(2)
26(2)
37(2)
39(2)
41(2)
48(2)
34(2)
23(1)
26(2)
39(2)
37(2)
27(2)
3002)

25(2)
14(1)
23(1)
22(1)
22(2)
27(2)
24(1)
24(1)
29(2)
48(2)
58(2)
36(2)
30(2)
18(1)
31(2)
24(2)
27(2)
32(2)
19(1)

0(1)
0(1)
1(1)
2(1)
-4(1)
-3(1)
2(1)
3(1)
1(1)
1(2)
14(2)
13(2)
2(1)
-2(1)
-2(1)
-3(1)

-14(1)

-5(1)
o(1)

7(1)
6(1)
6(1)
5(1)
6(1)
9(1)
6(1)
1(1)
6(1)
9(1)

-1(2)

-5(1)
1(1)
1(1)

11(1)
8(1)
2(1)
7(2)
8(1)

4(1)
-3(D
-1(1)
1(1)

-11(1)
-12(1)

0(1)
-1(1)
2(1)
8(1)
13(1)
702)
5(1)
-1(1)
-4(1)
-4(1)
-3(1)

-10(2)

-8(1)
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Table S23. Hydrogen coordinates ( x 10%) and isotropic displacement parameters (A2x 10 3)

for C72H60InN18P3.
X y z U(eq)

H(Q2) 1402 2443 -251 53
HQ3) 934 1462 -127 60
H(4) 144 1179 707 50
H(5) -265 1879 1407 43
H(6) 163 2855 1281 39
H(8) 2097 3022 1572 35
H©) 3012 3432 2439 43
H(10) 3275 4437 2505 45
H(11) 2606 5056 1712 43
H(12) 1689 4653 840 38
H(14) -55 4375 1021 36
H(15) -1664 4806 766 40
H(16) -2597 4604 -172 42
H(17) -1973 3939 -848 42
H(18) -403 3480 -581 34
H(20) 978 4125 -743 35
H(21) 2117 4253 -1471 44
H(22) 3736 3825 -1326 52
H(23) 4209 3248 -466 58
H(24) 3087 3112 263 54
H(26) 3906 4945 5420 37
H(27) 5618 5178 5700 46
H(28) 6061 5998 6308 47
H(29) 4795 6563 6671 48
H(30) 3078 6329 6411 41
H(32) 3077 4762 6647 32
H(33) 2608 4036 7316 39
H(34) 901 3755 7287 41
H(35) -346 4201 6599 40
H(36) 109 4918 5929 34
H(38) 1179 6103 6595 31
H39) 192 6956 6597 38
H(40) -383 7425 5685 40
H(41) 17 7044 4764 45
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H(42)
H(44)
H(45)
H(46)
H(47)
H(48)
H(50)
H(51)
H(52)
H(53)
H(54)
H(56)
H(57)
H(58)
H(59)
H(60)
H(62)
H(63)
H(64)
H(65)
H(66)
H(68)
H(69)
H(70)
H(71)
H(72)

1013
1340
1413
1976
2515
2522
4930
4221
5233
6963
7695
8935
10501
10618
9172
7589
5876
4833
4331
4847
5932
7706
8022
7816
7253
6844

6200
4309
3867
4405
5371
5807
2909
2323
1990
2224
2802
2902
3342
4359
4944
4510
4234
5004
5066
4357
3592
3381
2703
1702
1377
2051

4747
5148
4196
3403
3553
4515
1813
2523
3393
3552
2835
2049
2385
2476
2260
1935
2172
1785
741
79
459
506
243

824
1555

34
33
38
40
37
32
36
41
40
38
30
31
35
38
38
33
38
47
54
53
40
36
39
43
51
39
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Table S24. Crystal data and structure refinement for C72H60N18P3T1.

Identification code
Empirical formula
Formula weight
Temperature
Wavelength
Crystal system
Space group

Unit cell dimensions

Volume

Z

Density (calculated)
Absorption coefficient

F(000)

Crystal size

Theta range for data collection
Index ranges

Reflections collected
Independent reflections
Completeness to theta =27.55°
Absorption correction
Transmission factors
Refinement method

Data / restraints / parameters
Goodness-of-fit on F2

Final R indices [I>2sigma(I)]
R indices (all data)

Largest diff. peak and hole

tlazidem

C72 H60 N18 P3 Tl

1474.66

163(2) K

0.71073 A

Monoclinic

P2(1)/n

a=13.1232) A o=90°.

b=22.8144) A B=96.816(3)°.

c=22.0383) A v =90°.
6551.4(18) A3

4

1.495 Mg/m?

2.598 mm’!

2976

0.30 x 0.18 x 0.09 mm?

1.29 to 27.55°.

-17<=h<=13, -29<=k<=27, -26<=1<=28
40444

14857 [R(int) = 0.0541]

98.2 %

Multi-scan

min/max ratio: 0.665

Full-matrix least-squares on F2

14857/ 1/ 847

1.051

R1=0.0424, wR2 = 0.0762
R1=0.0710, wR2 = 0.0836

1.561 and -0.811 e.A3
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Table S25. Atomic coordinates ( x 10%) and equivalent isotropic displacement parameters (A2x 10%)

for C72H60N18P3TI. U(eq) is defined as one third of the trace of the orthogonalized UY tensor.

X y z U(eq)
TI(1) 6965(1) 3492(1) 7655(1) 25(1)
N(1) 6032(3) 4065(2) 6934(2) 47(1)
NQ) 5467(3) 4385(2) 7063(2) 38(1)
N@3) 4859(4) 4747(2) 7170(2) 82(2)
N(4) 8302(3) 4137(2) 7550(2) 40(1)
N(5) 8999(3) 4198(1) 7937(2) 31(1)
N(6) 9700(3) 4282(2) 8296(2) 54(1)
N(7) 7974(3) 2990(2) 8419(2) 33(1)
N(8) 7780(3) 2476(2) 8471(1) 38(1)
N(©9) 7634(4) 1982(2) 8539(2) 70(1)
N(10) 5644(3) 2814(2) 7708(2) 37(1)
N(11) 4817(2) 3011(1) 7669(2) 36(1)
N(12) 3966(3) 3172(2) 7603(2) 69(1)
N(13) 6311(3) 4039(1) 8413(2) 31(1)
N(14) 6131(2) 3755(2) 8845(2) 29(1)
N(15) 5970(3) 3501(2) 9276(2) 41(1)
N(16) 7519(3) 2906(2) 6924(2) 37(1)
N(17) 7991(3) 3106(2) 6542(2) 36(1)
N(18) 8451(4) 3272(2) 6165(2) 69(1)
P(1) 2990(1) 426(1) 9322(1) 22(1)
P(Q2) 6130(1) 1475(1) 5417(1) 26(1)
P(3) 6946(1) 3300(1) 1664(1) 22(1)
C(1) 3357(3) -96(2) 8778(2) 22(1)
C2) 2605(3) -356(2) 8361(2) 30(1)
C(3) 2897(4) -784(2) 7971(2) 36(1)
C(4) 3908(4) -946(2) 7986(2) 36(1)
C(5) 4655(3) -687(2) 8394(2) 35(1)
C(6) 4378(3) -260(2) 8786(2) 30(1)
C(7) 3059(3) 98(2) 10066(2) 22(1)
C(8) 3398(3) -474(2) 10165(2) 27(1)
C(9) 3369(3) -735(2) 10732(2) 32(1)
C(10) 3027(3) -419(2) 11201(2) 34(1)
c(1) 2704(3) 153(2) 11117(2) 32(1)
C(12) 2698(3) 412(2) 10545(2) 26(1)
C(13) 3799(3) 1060(2) 9331(2) 21(1)
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C(14)
C(15)
C(16)
C(17)
C(18)
C(19)
C(20)
c(1)
C(22)
C(23)
C(24)
C(25)
C(26)
C(27)
C(28)
C(29)
C(30)
Cc@31)
C(32)
C(33)
C(34)
C(35)
C(36)
C(37)
C(38)
C(39)
C(40)
C(41)
C(42)
C(43)
C(44)
C(45)
C(46)
C(47)
C(48)
C(49)
C(50)
c(51)
C(52)
C(53)

4148(3)
4744(3)
4984(3)
4639(3)
4057(3)
1675(3)
1412(3)

388(3)
-375(3)
-116(3)

898(3)
6927(3)
6643(3)
7310(4)
8271(4)
8557(4)
7896(3)
6301(3)
6952(3)
7499(3)
7898(3)
7755(3)
7216(3)
5853(3)
5363(3)
5108(3)
5337(4)
5797(4)
6067(4)
4933(3)
4345(3)
3403(3)
3040(3)
3595(3)
4548(3)
7247(3)
7108(3)
7347(4)
7686(3)
7829(3)

1343(2)
1842(2)
2067(2)
1792(2)
1291(2)

622(2)
1096(2)
1231(2)

902(2)

428(2)

285(2)
1376(2)
1038(2)

966(2)
12232)
1567(2)
1642(2)
1189(2)

585(2)

349(2)

718(2)
1312(2)
1555(2)
2239(2)
2417(2)
2993(2)
3398(2)
3228(2)
2651(2)
1099(2)
1232(2)

965(2)

585(2)

461(2)

715(2)
2778(2)
2183(2)
1791(2)
1979(2)
2569(2)

9874(2)
9868(2)
9320(2)
8778(2)
8779(2)
9113(2)
8730(2)
8564(2)
8784(2)
9153(2)
9318(2)
4818(2)
4305(2)
3874(2)
3950(2)
4456(2)
4894(2)
6106(2)
6154(2)
6669(2)
7139(2)
7096(2)
6584(2)
5495(2)
5986(2)
6058(2)
5636(2)
5141(2)
5067(2)
5233(2)
4680(2)
4532(2)
4942(2)
5492(2)
5643(2)
1101(2)
1192(2)

753(2)

219(2)

1332)
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30(1)
38(1)
34(1)
32(1)
26(1)
25(1)
34(1)
41(1)
41(1)
40(1)
33(1)
32(1)
30(1)
40(1)
43(1)
50(1)
48(1)
24(1)
32(1)
36(1)
39(1)
36(1)
31(1)
27(1)
35(1)
34(1)
44(1)
51(1)
45(1)
25(1)
30(1)
35(1)
35(1)
35(1)
28(1)
23(1)
34(1)
43(1)
37(1)
32(1)



C(54)
C(55)
C(56)
C(57)
C(58)
C(59)
C(60)
C(61)
C(62)
C(63)
C(64)
C(65)
C(66)
C(67)
C(68)
C(69)
C(70)
C(71)
C(72)

7628(3)
8124(3)
9002(3)
9934(3)
9983(3)
9119(3)
8187(3)
6046(3)
5728(3)
5080(4)
4770(4)
5053(3)
5684(3)
6398(3)
5362(3)
4940(3)
5539(3)
6565(3)
7006(3)

2967(2)
3662(2)
3321(2)
3587(2)
4187(2)
4532(2)
4269(2)
3836(2)
3866(2)
4313(2)
4730(2)
4700(2)
4251(2)
2909(2)
2768(2)
2423(2)
2222(2)
2365(2)
2707(2)

571(2)
1953(2)
2089(2)
2291(2)
2350(2)
2217(2)
2022(2)
1346(2)

722(2)

499(2)

879(2)
1497(2)
1732(2)
2254(2)
2162(2)
2590(2)
3098(2)
3195(2)
2771(2)

30(1)
23(1)
25(1)
30(1)
34(1)
33(1)
27(1)
26(1)
35(1)
48(1)
49(1)
41(1)
32(1)
23(1)
30(1)
34(1)
35(1)
33(1)
28(1)
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Table S26. Bond lengths [A] and angles [°] for C72H60N18P3TI.

TI(1)-N(16) 2.278(3)
TI(1)-N(1) 2.295(4)
TI(1)-N(7) 2.317(3)
TI(1)-N(4) 2.322(3)
TI(1)-N(13) 2.328(3)
TI(1)-N(10) 2.338(3)
N(1)-N(2) 1.100(5)
N(2)-N(3) 1.193(6)
N(4)-N(5) 1.182(5)
N(5)-N(6) 1.156(5)
N(7)-N(8) 1.209(5)
N(8)-N(9) 1.155(5)
N(10)-N(11) 1.168(3)
N(11)-N(12) 1.169(3)
N(13)-N(14) 1.200(4)
N(14)-N(15) 1.152(5)
N(16)-N(17) 1.194(5)
N(17)-N(18) 1.146(5)
P(1)-C(19) 1.789(4)
P(1)-C(13) 1.793(4)
P(1)-C(7) 1.796(4)
P(1)-C(1) 1.796(4)
P(2)-C(31) 1.786(4)
P(2)-C(37) 1.792(4)
P(2)-C(25) 1.794(4)
P(2)-C(43) 1.794(4)
P(3)-C(61) 1.785(4)
P(3)-C(49) 1.796(4)
P(3)-C(67) 1.797(4)
P(3)-C(55) 1.801(4)
C(1)-C(6) 1.390(5)
C(1)-C(2) 1.398(5)
C(2)-C(3) 1.386(5)
C(3)-C(4) 1.373(6)
C(4)-C(5) 1.382(6)
C(5)-C(6) 1.381(5)
C(7)-C(8) 1.387(5)
C(7)-C(12) 1.404(5)
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C(8)-C(9)
C(9)-C(10)

C(10)-C(11)
C(11)-C(12)
C(13)-C(14)
C(13)-C(18)
C(14)-C(15)
C(15)-C(16)
C(16)-C(17)
C(17)-C(18)
C(19)-C(20)
C(19)-C(24)
C(20)-C(21)
C(21)-C(22)
C(22)-C(23)
C(23)-C(24)
C(25)-C(26)
C(25)-C(30)
C(26)-C(27)
C(27)-C(28)
C(28)-C(29)
C(29)-C(30)
C(31)-C(32)
C(31)-C(36)
C(32)-C(33)
C(33)-C(34)
C(34)-C(35)
C(35)-C(36)
C(37)-C(42)
C(37)-C(38)
C(38)-C(39)
C(39)-C(40)
C(40)-C(41)
C(41)-C(42)
C(43)-C(48)
C(43)-C(44)
C(44)-C(45)
C(45)-C(46)
C(46)-C(47)
C(47)-C(48)
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1.390(5)
1.379(6)
1.377(6)
1.391(5)
1.387(5)
1.404(5)
1.383(6)
1.381(6)
1.378(5)
1.375(5)
1.390(5)
1.395(5)
1.385(6)
1.383(6)
1.371(6)
1.376(6)
1.382(5)
1.401(6)
1.377(5)
1.382(6)
1.380(7)
1.382(6)
1.394(5)
1.402(5)
1.378(5)
1.387(6)
1.371(6)
1.375(5)
1.384(5)
1.385(5)
1.370(6)
1.370(6)
1.363(6)
1.378(6)
1.396(5)
1.396(5)
1.383(6)
1.375(6)
1.369(6)
1.383(5)



C(49)-C(50)
C(49)-C(54)
C(50)-C(51)
C(51)-C(52)
C(52)-C(53)
C(53)-C(54)
C(55)-C(56)
C(55)-C(60)
C(56)-C(57)
C(57)-C(58)
C(58)-C(59)
C(59)-C(60)
C(61)-C(62)
C(61)-C(66)
C(62)-C(63)
C(63)-C(64)
C(64)-C(65)
C(65)-C(66)
C(67)-C(68)
C(67)-C(72)
C(68)-C(69)
C(69)-C(70)
C(70)-C(71)
C(71)-C(72)

N(16)-TI(1)-N(1)
N(16)-TI(1)-N(7)
N(1)-TI(1)-N(7)
N(16)-TI(1)-N(4)
N(1)-TI(1)-N(4)
N(7)-TI(1)-N(4)
N(16)-TI(1)-N(13)
N(1)-TI(1)-N(13)
N(7)-TI(1)-N(13)
N(4)-TI(1)-N(13)
N(16)-TI(1)-N(10)
N(1)-TI(1)-N(10)
N(7)-TI(1)-N(10)
N(4)-TI(1)-N(10)
N(13)-TI(1)-N(10)
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1.388(5)
1.392(5)
1.382(6)
1.375(6)
1.374(6)
1.374(5)
1.393(5)
1.395(5)
1.391(5)
1.376(5)
1.382(6)
1.384(5)
1.391(5)
1.392(5)
1.382(6)
1.360(6)
1.370(6)
1.378(6)
1.388(5)
1.389(5)
1.392(5)
1.369(6)
1.377(6)
1.394(5)

91.92(14)
91.22(12)

174.90(14)

89.61(13)
85.29(14)
90.71(13)

175.86(12)

88.81(13)
88.35(12)
94.51(13)
87.01(13)
94.23(14)
89.95(13)

176.57(13)

88.88(13)



N(2)-N(1)-TI(1) 121.3(3)

N(1)-N(2)-N(3) 176.2(5)
N(5)-N(4)-TI(1) 122.1(3)
N(6)-N(5)-N(4) 176.1(4)
N(8)-N(7)-TI(1) 116.1(3)
N(9)-N(8)-N(7) 176.9(5)
N(11)-N(10)-TI(1) 115.4(3)
N(10)-N(11)-N(12) 174.8(5)
N(14)-N(13)-TI(1) 113.8(3)
N(15)-N(14)-N(13) 177.2(4)
N(17)-N(16)-TI(1) 120.7(3)
N(18)-N(17)-N(16) 176.8(5)
C(19)-P(1)-C(13) 110.73(18)
C(19)-P(1)-C(7) 106.35(17)
C(13)-P(1)-C(7) 111.12(17)
C(19)-P(1)-C(1) 108.72(17)
C(13)-P(1)-C(1) 109.71(17)
C(7)-P(1)-C(1) 110.14(17)
C(31)-P(2)-C(37) 111.08(18)
C(31)-P(2)-C(25) 108.03(19)
C(37)-P(2)-C(25) 109.54(19)
C(31)-P(2)-C(43) 110.31(18)
C(37)-P(2)-C(43) 107.74(18)
C(25)-P(2)-C(43) 110.13(19)
C(61)-P(3)-C(49) 111.89(18)
C(61)-P(3)-C(67) 108.72(18)
C(49)-P(3)-C(67) 108.12(17)
C(61)-P(3)-C(55) 108.92(18)
C(49)-P(3)-C(55) 107.38(18)
C(67)-P(3)-C(55) 111.85(17)
C(6)-C(1)-C(2) 120.0(4)
C(6)-C(1)-P(1) 120.3(3)
C(2)-C(1)-P(1) 119.7(3)
C(3)-C(2)-C(1) 118.7(4)
C(4)-C(3)-C(2) 120.9(4)
C(3)-C(4)-C(5) 120.6(4)
C(6)-C(5)-C(4) 119.3(4)
C(5)-C(6)-C(1) 120.5(4)
C(8)-C(7)-C(12) 119.5(3)
C(8)-C(7)-P(1) 121.1(3)
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C(12)-C(7)-P(1)
C(7)-C(8)-C(9)
C(10)-C(9)-C(8)
C(11)-C(10)-C(9)
C(10)-C(11)-C(12)
C(11)-C(12)-C(7)
C(14)-C(13)-C(18)
C(14)-C(13)-P(1)
C(18)-C(13)-P(1)
C(15)-C(14)-C(13)
C(16)-C(15)-C(14)
C(17)-C(16)-C(15)
C(18)-C(17)-C(16)
C(17)-C(18)-C(13)
C(20)-C(19)-C(24)
C(20)-C(19)-P(1)
C(24)-C(19)-P(1)
C(21)-C(20)-C(19)
C(22)-C(21)-C(20)
C(23)-C(22)-C(21)
C(22)-C(23)-C(24)
C(23)-C(24)-C(19)
C(26)-C(25)-C(30)
C(26)-C(25)-P(2)
C(30)-C(25)-P(2)
C(27)-C(26)-C(25)
C(26)-C(27)-C(28)
C(29)-C(28)-C(27)
C(28)-C(29)-C(30)
C(29)-C(30)-C(25)
C(32)-C(31)-C(36)
C(32)-C(31)-P(2)
C(36)-C(31)-P(2)
C(33)-C(32)-C(31)
C(32)-C(33)-C(34)
C(35)-C(34)-C(33)
C(34)-C(35)-C(36)
C(35)-C(36)-C(31)
C(42)-C(37)-C(38)
C(42)-C(37)-P(2)
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119.3(3)
120.1(4)
119.8(4)
121.1(4)
119.6(4)
119.9(4)
118.9(3)
121.3(3)
119.7(3)
120.3(4)
120.2(4)
120.1(4)
120.2(4)
120.3(4)
119.1(4)
120.9(3)
120.0(3)
119.8(4)
120.4(4)
119.8(4)
120.5(4)
120.3(4)
119.5(4)
123.2(3)
117.23)
119.9(4)
120.8(4)
119.7(4)
120.1(4)
120.0(5)
119.5(4)
118.5(3)
121.93)
120.2(4)
119.4(4)
120.9(4)
120.4(4)
119.5(4)
118.8(4)
122.5(3)



C(38)-C(37)-P(2)
C(39)-C(38)-C(37)
C(38)-C(39)-C(40)
C(41)-C(40)-C(39)
C(40)-C(41)-C(42)
C(41)-C(42)-C(37)
C(48)-C(43)-C(44)
C(48)-C(43)-P(2)

C(44)-C(43)-P(2)

C(45)-C(44)-C(43)
C(46)-C(45)-C(44)
C(47)-C(46)-C(45)
C(46)-C(47)-C(48)
C(47)-C(48)-C(43)
C(50)-C(49)-C(54)
C(50)-C(49)-P(3)

C(54)-C(49)-P(3)

C(51)-C(50)-C(49)
C(52)-C(51)-C(50)
C(53)-C(52)-C(51)
C(54)-C(53)-C(52)
C(53)-C(54)-C(49)
C(56)-C(55)-C(60)
C(56)-C(55)-P(3)

C(60)-C(55)-P(3)

C(57)-C(56)-C(55)
C(58)-C(57)-C(56)
C(57)-C(58)-C(59)
C(58)-C(59)-C(60)
C(59)-C(60)-C(55)
C(62)-C(61)-C(66)
C(62)-C(61)-P(3)

C(66)-C(61)-P(3)

C(63)-C(62)-C(61)
C(64)-C(63)-C(62)
C(63)-C(64)-C(65)
C(64)-C(65)-C(66)
C(65)-C(66)-C(61)
C(68)-C(67)-C(72)
C(68)-C(67)-P(3)

This page is Distribution A: approved for public release; distribution unlimited.

118.6(3)
121.1(4)
119.4(4)
120.3(4)
120.8(4)
119.5(4)
119.8(4)
121.9(3)
118.2(3)
119.7(4)
119.5(4)
121.6(4)
119.8(4)
119.6(4)
119.3(4)
120.43)
120.3(3)
119.3(4)
121.3(4)
119.1(4)
120.7(4)
120.2(4)
119.7(4)
118.2(3)
122.1(3)
119.9(4)
119.6(4)
121.2(4)
119.5(4)
120.2(4)
119.0(4)
121.93)
119.03)
119.2(4)
120.9(4)
120.7(4)
119.4(4)
120.6(4)
120.0(4)
118.6(3)



C(72)-C(67)-P(3)
C(67)-C(68)-C(69)
C(70)-C(69)-C(68)
C(69)-C(70)-C(71)
C(70)-C(71)-C(72)
C(67)-C(72)-C(71)

121.2(3)
119.6(4)
120.5(4)
120.3(4)
120.2(4)
119.4(4)
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Table S27. Anisotropic displacement parameters (A2x 103) for C72H60N18P3TIL. The anisotropic

displacement factor exponent takes the form: -2m?[ h2 a*2U!! + .. +2 hka* b* U!2]

Ull U22 U33 U23 U13 U12
TI(1) 29(1) 21(1) 25(1) 0(1) 5(1) 2(1)
N(1) 61(3) 49(3) 30(2) 8(2) 4(2) 7(2)
NQ) 46(3) 39(3) 24(2) 9(2) 9(2) 7(2)
NQ) 83(4) 100(4) 59(3) 5(3) -14(3) 43(3)
N(@4) 46(2) 45(2) 28(2) 3(2) 6(2) 21(2)
N(5) 39(2) 24(2) 31(2) 6(2) 17(2) -5(2)
N(6) 42(3) 73(3) 45(3) 15(2) -7(2) -19(2)
N(7) 37(2) 30(2) 33(2) 3(2) 4(2) 3(2)
N(8) 51(3) 42(3) 22(2) -4(2) 6(2) 132)
N©) 120(4) 32(3) 56(3) 11Q2) 6(3) 13(3)
N(10) 39(2) 24(2) 46(2) 2(2) 1Q2) -10(2)
N(11) 46(3) 26(2) 36(2) -4(2) 102) -13(2)
N(12) 41(3) 62(3) 106(4) -14(3) 193) -8(2)
N(13) 40(2) 24(2) 30(2) 0(2) 9(2) 5(2)
N(14) 20(2) 34(2) 34(2) -7(2) 42) 2(2)
N(15) 38(2) 53(3) 35(2) 3(2) 152) -8(2)
N(16) 49(2) 26(2) 37(2) -8(2) 11Q2) -5(2)
N(17) 52(3) 26(2) 30(2) 2(2) 2(2) 4(2)
N(18)  106(4) 58(3) 48(3) 3(2) 35(3) -13(3)
P(1) 25(1) 20(1) 20(1) 2(1) 3(1) 2(1)
PQ2) 26(1) 28(1) 25(1) 2(1) 3(1) 3(1)
P(3) 26(1) 20(1) 22(1) 1(1) 4(1) -1(1)
c(1) 31(2) 18(2) 17(2) 0(2) 6(2) 0(2)
C(2) 37(3) 25(2) 28(2) 1(2) 3(2) -7(2)
C(3) 49(3) 33(3) 26(2) -4(2) 6(2) -13(2)
C(4) 67(3) 18(2) 26(2) -5(2) 152) -1(2)
c(5) 42(3) 30(3) 34(2) 4(2) 16(2) 7(2)
C(6) 34(3) 30(2) 28(2) -12) 8(2) 0(2)
C(7) 21(2) 23(2) 21(2) 2(2) 0(2) -1(2)
C(8) 28(2) 22(2) 29(2) 2(2) 2(2) 12)
C(9) 33(3) 28(2) 34(2) 8(2) 3(2) 1(2)
C(10) 30(2) 47(3) 25(2) 9(2) -1(2) -5(2)
c(11) 26(2) 53(3) 17(2) -5(2) 7(2) -8(2)
C(12) 26(2) 27(2) 27(2) 0(2) 6(2) -3(2)
C(13) 20(2) 20(2) 25(2) 3(2) 5(2) -1(2)
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C(14)
C(15)
C(16)
C(17)
C(18)
C(19)
C(20)
c1)
C(22)
C(23)
C(24)
C(25)
C(26)
C(27)
C(28)
C(29)
C(30)
Cc@31)
C(32)
C(33)
C(34)
C(35)
C(36)
C(37)
C(38)
C(39)
C(40)
C(41)
C(42)
C(43)
C(44)
C(45)
C(46)
C(47)
C(48)
C(49)
C(50)
c(51)
C(52)
C(53)
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36(3)
45(3)
37(3)
36(3)
29(2)
27(2)
28(2)
36(3)
29(3)
31(3)
33(3)
30(2)
31(2)
46(3)
43(3)
28(3)
30(3)
26(2)
31(2)
34(3)
34(3)
33(3)
32(2)
25(2)
36(3)
40(3)
56(3)
78(4)
67(3)
20(2)
31(2)
27(2)
25(2)
38(3)
33(2)
22(2)
47(3)
63(4)
49(3)
36(3)

30(2)
31(3)
23(2)
27(2)
24(2)
28(2)
33(3)
44(3)
48(3)
47(3)
30(3)
35(3)
28(2)
40(3)
43(3)
59(4)
61(4)
22(2)
32(3)
27(3)
51(3)
37(3)
29(2)
29(2)
36(3)
30(3)
25(3)
28(3)
37(3)
28(2)
32(2)
48(3)
38(3)
28(3)
28(2)
23(2)
26(2)
192)
38(3)
35(3)

25(2)
37(3)
43(3)
33(2)
23(2)
20(2)
39(3)
41(3)
45(3)
42(3)
36(2)
33(2)
31(2)
37(3)
48(3)
66(4)
52(3)
24(2)
34(2)
47(3)
33(2)
36(2)
31(2)
25(2)
33(2)
31(2)
47(3)
50(3)
32(2)
27(2)
27(2)
28(2)
44(3)
42(3)
24(2)
23(2)
28(2)
42(3)
22(2)
25(2)

-4(2)

“12(2)

-1Q2)
9(2)
1(2)
3(2)
9(2)
12(2)
3(2)
9(2)
7(2)
1(2)
3(2)
5(2)
17(2)
113)
-5(2)
2(2)

-4(2)
4(2)
9(2)
-2(2)
1(2)
1(2)
8(2)
-2(2)
5(2)

14(2)
5(2)

-5(2)

-1(2)

-3(2)

22(2)

-2(2)
0(2)
-1(2)
-2(2)
-3(2)
-9(2)
-2(2)

6(2)
4(2)
4(2)
9(2)
5(2)
1(2)
4(2)
-3(2)
3(2)
3(2)
4(2)
9(2)
9(2)
13(2)

25(2)
15(2)
7(2)
3(2)
6(2)
8(2)
5(2)
-3(2)
3(2)
-3(2)
6(2)
-4(2)

-11(2)

15(3)
17(2)
6(2)
10(2)
2(2)
9(2)
13(2)
6(2)
1(2)
9(2)
7(2)
2(2)
10(2)

-2(2)

-10(2)

2(2)
0(2)
0(2)
-4(2)
-1(2)
4(2)
0(2)

-10(2)

-1(2)
0(2)
2(2)
9(2)
12(2)
-5(2)

-13(2)

12)
3(2)
8(2)
152)
2(2)
2(2)
-1(2)
-1(2)
1(2)
1(2)
-4(2)
-9(2)
-2(2)
6(2)
8(2)
-4(2)
-3(2)
-2(2)
0(2)
-5(2)
-1(2)
-1(2)
-3(2)
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C(54)
C(55)
C(56)
C(57)
C(58)
C(59)
C(60)
C(61)
C(62)
C(63)
C(64)
C(65)
C(66)
C(67)
C(68)
C(69)
C(70)
C(71)
C(72)

35(3)
25(2)
30(2)
24(2)
29(3)
41(3)
32(2)
24(2)
38(3)
51(3)
41(3)
28(3)
29(2)
29(2)
27(2)
33(3)
50(3)
41(3)
29(2)

23(2)
21(2)
22(2)
40(3)
50(3)
25(2)
22(2)
25(2)
33(3)
52(3)
43(3)
34(3)
37(3)
17(2)
39(3)
33(3)
22(2)
34(3)
26(2)

33(2)
23(2)
24(2)
28(2)
22(2)
34(2)
29(2)
31(2)
33(2)
40(3)
61(3)
62(3)
31(2)
24(2)
25(2)
38(3)
35(2)
26(2)
29(2)

4(2)
1(2)
1(2)
1(2)
-4(2)
-5(2)
1(2)
5(2)
2(2)
14(2)
17(3)
1(2)
1(2)
-3(2)
-3(2)
-8(2)
2(2)
5(2)
1(2)

10(2)
7(2)
5(2)
702)
2(2)
10(2)
6(2)
6(2)
2(2)
-4(2)
0(3)
13(2)
8(2)
6(2)
4(2)
11(2)
19(2)
9(2)
8(2)

-6(2)
-3(2)
0(2)
-1(2)

11(2)
-13(2)

1(2)
-1(2)
2(2)
10(2)
15(2)
702)
3(2)
-2(2)
-4(2)

-14(2)

-4(2)
9(2)
2(2)
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Table S28. Hydrogen coordinates ( x 10%) and isotropic displacement parameters (A2x 10 3)

for C72H60N18P3TI.
X y z U(eq)

H(2) 1906 -241 8345 36
H(3) 2392 -968 7689 43
H(4) 4094 -1239 7713 44
H(5) 5353 -802 8403 42
H(6) 4889 =77 9065 36
H(8) 3652 -687 9844 32
H(9) 3583 -1130 10796 39
H(10) 3015 -598 11589 41
H(11) 2486 369 11447 38
H(12) 2449 800 10478 32
H(14) 3976 1193 10251 36
H(15) 4989 2031 10241 45
H(16) 5389 2412 9318 41
H(17) 4803 1949 8403 38
H(18) 3828 1101 8404 31
H(20) 1933 1327 8583 40
H(21) 207 1551 8298 49
H(22) -1076 1004 8679 49
H(23) -640 197 9297 48
H(24) 1069 -46 9572 39
H(26) 5987 856 4250 36
H(27) 7108 738 3520 48
H(28) 8733 1163 3654 52
H(29) 9210 1753 4505 60
H(30) 8099 1873 5246 57
H(32) 6677 335 5831 38
H(33) 7601 -62 6702 43
H(34) 8275 556 7494 47
H(35) 8030 1558 7423 43
H(36) 7126 1967 6554 37
H(38) 5200 2136 6277 42
H(39) 4776 3111 6399 41
H(40) 5175 3800 5687 53
H(41) 5932 3510 4845 62
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H(42)
H(44)
H(45)
H(46)
H(47)
H(48)
H(50)
H(51)
H(52)
H(53)
H(54)
H(56)
H(57)
H(58)
H(59)
H(60)
H(62)
H(63)
H(64)
H(65)
H(66)
H(68)
H(69)
H(70)
H(71)
H(72)

6398
4590
3009
2389
3325
4939
6851
7276
7819
8069
7749
8963
10533
10622
9165
7589
5954
4848
4354
4816
5873
4944
4231
5246
6974
7715

2537
1506
1042

406

201

628
2047
1382
1705
2702
3373
2907
3356
4368
4946
4503
3582
4330
5046
4985
4225
2906
2326
1983
2229
2802

4724
4407
4150
4840
5770
6023
1552
821
-87
232
512
2043
2389
2484
2259
1936
453
74
714
1761
2160
1810
2528
3385
3552
2835

53
35
41
42
42
34
40
52
44
38
36
30
36
41
40
33
42
58
59
49
39
36
41
41
40
33
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Figure S1. Asymmetric unit in the crystal structure of [PPh,],[Ga(N3)s]. Thermal ellipsoids are drawn at the 50% probability
level.
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Figure S2. The unit cell of [PPhy],[Ga(N3)s]. Thermal ellipsoids are drawn at the 50% probability level. The [PPh,] cations

have been omitted.
a
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Figure S3. View along the a axis of the [PPh,],[Ga(N3)s] unit cell. Thermal ellipsoids are drawn at the 50% probability level.

The [PPh,] cations have been omitted.
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Figure S4. View along the b axis of the [PPh,],[Ga(N;)s] unit cell. Thermal ellipsoids are drawn at the 50% probability level.

The [PPh,] cations have been omitted.
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Figure S5. View along the b axis of the [PPh,],[Ga(N;)s] unit cell. Thermal ellipsoids are drawn at the 50% probability level.

The [PPh,] cations have been omitted.
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Figure S6. Asymmetric unit in the crystal structure of [PPh,]5[In(N;)s]. Thermal ellipsoids are drawn at the 50% probability
level.
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Figure S7. The unit cell of [PPh,]3[In(N;)s]. Thermal ellipsoids are drawn at the 50% probability level. The [PPhy] cations

have been omitted.
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Figure S8. View along the a axis of the [PPhy]5[In(N;)s] unit cell. Thermal ellipsoids are drawn at the 50% probability level.

The [PPh,] cations have been omitted.
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Figure S9. View along the b axis of the [PPhy]s[In(N3)s] unit cell. Thermal ellipsoids are drawn at the 50% probability level.

The [PPh,] cations have been omitted.
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Figure S10. View along the ¢ axis of the [PPh,]5[In(N;)] unit cell. Thermal ellipsoids are drawn at the 50% probability level.

The [PPh,] cations have been omitted.
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Figure S11. Asymmetric unit in the crystal structure of [PPh,]3[TI(N;)s]. Thermal ellipsoids are drawn at the 50% probability

level.
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Figure S12. The unit cell of [PPhy]3[T1(N3)s]. Thermal ellipsoids are drawn at the 50% probability level. The [PPhy] cations

have been omitted.
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Figure S13. View along the a axis of the [PPh,]5[T1(N3)s] unit cell. Thermal ellipsoids are drawn at the 50% probability level.

The [PPh,] cations have been omitted.
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Figure S14. View along the b axis of the [PPhy]5[ TI(N3)s] unit cell. Thermal ellipsoids are drawn at the 50% probability level.

The [PPhy] cations have been omitted.
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Figure S15. View along the c axis of the [PPhy]5[T1(N3)s] unit cell. Thermal ellipsoids are drawn at the 50% probability level.

The [PPh,] cations have been omitted.
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Figure S16. IR (top) and Raman (bottom) spectra of Ga(N;);. The band marked with a dagger (}) is due to a residual amount

of SO, solvent. Bands due to the FEP sample container are marked with an asterisk (*).

1T

* *
*
(R
R a0 b g

Intensity ——

e

Y AN

o, e Y
ooy ¥ P

y ¥ u T y y y Y T

2000 1500
Wavenumbers (cm™)

j I
1000 500

This page is Distribution A: approved for public release; distribution unlimited.

81



Figure S17. Raman spectrum of In(N;);. The bands marked with a dagger (1) are due to a residual amount of SO, solvent.

Bands due to the FEP sample container are marked with an asterisk (*).
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Figure S18. Raman spectrum of T1(N3);. The band marked with a dagger () is due to a residual amount of SO, solvent. Bands

due to the FEP sample container are marked with an asterisk (*).
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Figure S19. IR (top) and Raman (bottom) spectra of Ga(N;);CH3CN. Bands marked with an asterisk (*) are due to the FEP

sample container.
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Figure S20. IR (top) and Raman (bottom) spectra of In(N);-CH;CN. Bands marked with an asterisk (*) are due to the FEP

sample container.
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Figure S21. IR (top) and Raman (bottom) spectra of TI(N3);-CH3CN. Bands marked with an asterisk (*) are due to the FEP

sample container.
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Figure S22. IR (top) and Raman (bottom) spectra of [PPhy],[Ga(N;)s]. The band marked with a dagger (1) is due to an

impurity of N5. The bands of the [Ga(N3)s]* anion are marked with an asterisk (*).
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Figure S23. IR (top) and Raman (bottom) spectra of [PPhy]5[In(N3)s]. The band marked with a dagger (1) is due to an impurity
of N5~ and the one marked with a double dagger ($) due to the FEP sample container. The bands of the [In(N3)]> anion are

marked with an asterisk (*).

ok
|
*
2
‘»
c
o
=
o
.I.
*
*
*k ¥ *
* **
hikee "
T 1 | T 1 1 T ] T 1 1 T | 1 T T T | 1 T 1 1 | 1 1 1 I I 1 1 T
3000 2500 2000 1500 1000 500

Wavenumbers (cm’)

This page is Distribution A: approved for public release; distribution unlimited.



Figure S24. IR (top) and Raman (bottom) spectra of [PPhy]3[ TI(N3)s]. The band marked with a dagger (T) is due to an impurity

of N5". The bands of the [TI(N)s]’” anion are marked with an asterisk (*).
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